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ALFRED WATERHOUSE, ESQ., R.A,, 

A rchit^ct ; ^ice- Presidea t San Ud r> in stitute. 
* ^' I ntu glad to War gfocid reports of your Vuwh tlxeU iit ihe Duke of WestminfttAr'* j 

SIR BENJAmFn ward RICHARDSON, F.R.S., 

** Since ihi^sr fScrUeiit Veiitilaturs (Bi.aI^^'j^ Faimt *Aij'-Pm»p* VentilaU*r*. > hsf^J 
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SIR I>OUGLAS GALTONi F.R,Sm 

Late Chairman of CouncU Sanitaiy Institute* 
'*Boylt*'» Cowls ar€J arraBgt?(l with iixt^d blatles which divt*rt tbe dinect acttoaj 
fif the wnid, and this caufi"* Iheni alwAv^ to a^^^t llie exkui&t; and they* mofwuner, j 
nPFnrd m\ area of exhaust roo^^idenibly laiiri^r ihtin ilie iiri*a y£ tlK+ tube.*' 

W, EASSIEi ESQ., €• E., LONDONi 

Author of *' Healthy Houses/* etc. 
"'I have oiteii made use of the * Air-Ptntiji' AViitikitor. tknd considm* it ta( 
adftiimble* Ita actioo is euutiiiuous, and it cantiat ])ijti*iibly i^et out of order, 
d&eidedly the most tsfficient foul air withdrawing jntfdiuin that 1 over met with.** 
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months/' 
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REPORT ON THE WORK OF THE COMMITTEE 
APPOINTED BY THE SAMTARY INSTITUTE OP 
GREAT BRITAIN TO PRACTICALLY TEST VEN- 
TILATING EXHAUST COWLS. 

DEDICATION. 

Many years ago when the subject of vetittktiou first began to fittrnct 
a large amouiit of ptiblic attention, a commltlec wa^ ap^iuinted by the 
Sajiitarj^ Institute fur the puq*oie of tenting tlie i'ffieieiicy of tla* viiriouft 
Cowls and Terminals which were being iutroduced, in order to give the 
public some reliable means of judging of their merits. 

The committee consist<?d oft Sir Douglas Gallon, Mr, \\\ Eassie^ 
ami Mr. Rogers Field ; Mr. J. Wallace Peggs was afterwards added. 

The committee soon found that Wfore they could arrive at any 
measure of the com jMi rati ve value of the Cowb and Terminals tested, 
they must establish some standard for the instruments used for meastiriug 
the velocities of the air currents. A large part of their labour was 
therefore directed towards establishing a standard value for the reading 
of anemometers and air meters. 

In the course of these ex[K*riments, and during the trials of Cowls and 
Tennlnals, so many variable conditions had to be taken into account^ 
certain winds and states of the weather waited for, and so many e^cperi- 
ments made, that the members of tliQ committee^ who were busily 
occupied ui other pursuits, found that as they tried to digest the mass irf 
Mcords of experiments, the niontlss were passing into years^ and the 
vears into decades, with the w^ork still unBuished; and as one by ont? 
the mtmberB of tlie committe^.-jfassed away,*]tiir.5rilk of the work by 
choice or by necessity fell uiion Mr^'KogRTs^Fi^ljl, 

• *••*/ 
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Mr. Rogers Field, although a busy professional man, devoted regularly 
a portion of his time to the direction of the observations and experiments, 
and to the consideration and reduction of the records. How much this 
time must have amounted to in the course of the twenty-four years that 
the experiments had been going on, no one know^s, but there is no doubt 
that it was a valuable item, even compared with the £2,000 which he 
personally contributed towards the expenses. 

Shortly before Mr. Field's death, when he was in failing health, tl>e 
records were taken over by the Institute. After his death no member 
of the committee remained, and at the request of the Council Mr. W. N. 
Shaw, of the Meteorological Office, undertook to bring to a close the 
experiments and to superintend the preparation of the report. So 
voluminous are the records, that although the tabulation of the results 
was in an advanced state, and many diagrams had already been plotted 
for the reix)rt, it has taken more than twelve months for the two assistants 
who were in charge of the work at the time of Mr. Field's death to 
complete the reix)rt for issue, under Mr. Shaw's superintendence. 

The subject was one in which Mr. Field took an absorbing interest, 
especially in the latter years of his life, and the Council of the Sanitary 
Institute feel that it is a fitting memorial to his labours in this and other 
branches of sanitary engineering to dedicate this report to his memory. 




IN the Spring of 1900, when the death of Xlr, Rogers Field, the last 
of the menibei-s of the Cowl Committee^ had brought the pro- 
longed labours of the Conimitiee to a close, the Coancil of the Sanitary 
Institute did ine the honour of iii\iting me to undertake the duty of 
preparing a report on ihe results of the e.\i>eriments. 

With but little time at my disposal^ it was not in my power to comply 
with the request. There were, however, iitill employed in working out 
results on the lines laid down by the Committee two of Mr, Field's 
assIstaiitSf Mr. W. D, Matthews and Mr- H. Farmer, who had been 
engaged upon the w^ork far many years, and who were well acquainted 
with the enormous mass of documents that had been accumulated by the 
Committee during the 23 years of its actiTity ; 1 had for some time 
past t^iken a practical interest in the investigation of the laws of flow 
of air through tubes, and I was desirous of making what acknowledge- 
ment was in my jjower of the skill and energy, as well as self-sacrifice, m 
onspicuously exhibited by ilr, Rogers Field, and hb colleagues on the 
committee, in a matter that is undoubtedly of great industrial and 
scientific importance, and accordingly 1 undertook to sapenisc the pre- 
paration of the report. 

The work was left by the Committee in a somewhat peculiar poBition* 
After many jeai's of almost fruitless labour bestowed upon Ursting instru- 
ments to be used in the inquiiy, and obtaining even with the elaborately- 
tested inatrnments results that w^ere hardly capable of generalisation, 
this idea was suggested of maldng cxperimentii on a series of ** terminals *' 
diflfering from each other in the dimensions of some on*? element of their 
construction and determining how this development affected the flow 
of £ur along the pipe which it surmounted. The idea seems to have 
originated with Mr* Farmer a observations ^oC th^ beha\iour of smoke 
ps«uing from the terminals whicH ^re i:i|/rodnc%'d- iii this rejwrt, pp. ^88 to 
* 393, and to have led to a very instructive and i»terestiiig series of resulta 
which were approaching completion at the time of Mr. Field's death. 
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At the same time no Darrative of the proceedings of the Comnuttee 
existed. The papers include innumerable commencements of the pre- 
paration of a report, an elaborate synopsis of the items to be dealt with, 
materiab more or less complete for an in trotl action dealing T^'ith the 
history of cowls from the earliest times, materials for illustrating the 
introduction, and endless siunmaries, tables and fliugrams of experiments 
and results- Most of these are in want of finishing touches^ which 
only those who originally designed them could give effectively, Ib 
what follows a selection of some of the fragmentary attempts at drafting 
portions of the report and materials collected for that puri>03e is given as 
an introduction, and appears as Part I. The tissue connecting the sheets 
of tabulations and diagrams embodied in Parts IL to V- had to be woven 
from the first with such assistance as the " synopsis " and f ragmetitainr 
marginal notes and comments could give. 

The cur\'es for interpreting the readings of the air-met«rs had been 
completed and were in actual use, and the laborions steps by which they 
were arrived at could be followed : the tests of the anemomutt'rs waited 
only "Mr. FieUrs decision as to the correction for ** mitwind '' in the cal- 
culation of the rearlings of tho ** 1-inch cii[»s/* It would appear that the 
want of agreement of the readings of the tlifferent instruments caused 
some hesitation about accepting a final value. All the evidence seems to 
liave been set out, but the verdict was not given, and I have had to take 
up the dlfficnlt task of a jury and pronounce "Yes" or **No'* upon the 
questions which were to be answered for the Conunittee upon the facts 
they had collected. 

The coinfjarisons of the readings of open pipes mounted side by side 
were expressed in a number of elaborate diiigi^ams, which were apparently 
prepared for publication and are accordingly reproduced* But the number 
of different coloured inks used in their preparation would seem to indicate 
a mode of reproduction which it would be dilficult to carry out, and it is 
to be feared that in this, as in many other particulars, those who wish to 
reaUy.e the full extent of tlie Committee's careful work must consult the 
original diagi^anis, which are in the possession of the Sanitary Institute. 

The work upon the comparison of the different terminals and cowls 
will, I hope, be sufficiently represented by the tables and diagrams which 
Mr- Matthews and Mr, Farmer have prepared^ and which I believe will 
be found to be tbe^ttip^ interesting^ portion of the report. Tlic Com- 
mittee's legacy in imt '-dt'ga^i'tTneiTlVpnsisJsJ of 200 sheets of ** Complete 
Tabulation ** of the expty;imenJ:5y -bci^i^s* the original notebooks and in- 
numerable abstracts. I h^t% eMJ^^'put^d to secure a sufficient indication 
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of what can be found in the original documents, without attempting to 
reproduce them in their completeness. 

I feel bound to refer to two points of criticism upon the work. One 
concerns the use of the word "efficiency" for a terminal or cowl as 
expressing the result of the experiments. The word is only appropriately 
employed for a numerical constant or factor, which is characteristic of the 
terminal or cowl, and of that alone. In an introductory note to Part V. 
of the report I have given my reasons for thinking that the ratios obtained 
by the Cowl Committee depend upon the other part of the experimental 
arrangement, and not upon the terminal portion only, and that in conse- 
quence the word is not strictly applicable (see pp. 341 to 34G). But I 
ought to say that this does not invalidate the effectiveness of the results 
and diagrams which compare together terminals differing in one dimension 
only, all other portions of the apparatus remaining the same. 

The other point concerns the plan of dealing with the apparatus for 
testing by the method of averages of a large number of experiments. 
Suppose, for example, that 100 experiments testing the eflfect of wind 
direction, upon the computation of a result upon which a subsequent 
measurement is to be based, give results varj'ing among themselves between 
90 per cent, and 110 per cent, with a mean of 100 per cent. It is hardly a 
sound inference to say that in using the computation for testing a terminal 
the proper number to take for the computation in that particular case is 
100 per cent. All that can really be said is that the computation from a 
single experiment may be 10 per cent, in excess or defect of the mean, and 
that a single measurement must be understood to have that uncertainty 
attaching to it. There is some ground for saying that if the measurement 
of the terminal were repeated 100 times, the mean value should be taken 
in preference to any other. Tliis, however, leads to the consideration of 
** probable error " and other questions which the Committee did not deal 
with, and I have endeavoured to represent the results as they were left by 
the Committee. I have not attempted any discussion of them ; I shall 
have succeeded in the task I undertook if those who are so far interested 
in the matter as to wish to push inquiries into the generalisations that can 
be obtained from the results are able to find the materials they require, 
either in what is now published or in the original documents to which this 
publication may be regarded as a guide. 

Any one who does so pursue any point that suggests itself cannot fail 
to be convinced of the desire of the Committee to place at the disposal of 
the Institute full and complete knowledge on all the points arising in the 



206 Preface. 

course of the inquiry, and their determination that the enter^ 
not fail for any want of energy, care, or skill on their part. 

It is a matter of profound regret that the results were not i 
the Institute by those who alone could do it most efFectivel 
sacrificed so much in the endeavour to place the testing of 
a sound scientific basis. 

W. K SI 
June 17<A, 1901. 



An epitome of the Contents of the Report and Lists 
and Diagrams is given at p. 447. 
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PAET I.— INTRODUCTION. 



A SELECTION OF NOTES, COEEESPONDENCE, AND MEMOEANDA 
FEOM THE DOCUMENTS PEESEEVED BY THE COMMITTER 

I. — Notes on previous Experiments on the action of Wind on 
Open Pipes and Cowls. Drawn up by Mr. J. W. Peggs 
{27th August, 1887). 

Experiments on the effect of wind passing across the mouths of tubes indicated 
by the flow or pressure of liquids. {^^ Mechanics Magazine j* 1825.) 

A saacer was filled with water into which was put a glass fannel, the 
smaller orifice being above the water about 8-in., then the wind passed 
over the top from a kitchen bellows. The result was that the water 
ascended in the funnel, filled it, and was blown over as long as the opera- 
tion of blowing was continued. 

The next trial was with a 30-in. barometer tube, open at both ends, 
and the result was as before, only the water started up with much greater 
rapidity than with the funnel. 

Thomas Ewbank. — Experiments on the effect of wind passing across the 
mouths of tubes at various angles^ as indicated by the flaw or pressure 
of liquids. (1834-35.) 

These experiments were made with small leaden, block tin, and glass 
tubes, |-in. and ^-in. bore. The tubes |-in. bore were of different lengths, 
(12-in. to 36-in.), and placed in an upright position, the lower end being 
dipped into a tumbler containing a little water. 

Across the top of the upright tubes shorter tubes were placed, gener- 
ally i in. bore, and inclined at different angles to the vertical tube, as 
shown in the sketches. Diagram 1, p. 208. Conical cross tubes were also 
employed. 

The blast was effected simply by applying the mouth to one end of 
the cross tube and blowing through it. The effect of the blowing on the 
water in the vertical tube was then noted. 
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The most important results may be briefly summarised as follows : — 





Fig I 








Fij. 



Fiy.5 



The vertical tubes are cojithiitous, the gaps shown indicate that Hie ichole 
length of the tube is not given. 

Diagram 1. 

In fig. 1, instead of the liquid rising in the vertical tube, air was forced 
out through the water in the tumbler. Various portions of the end b 
were then cut off without changing the result until a b was only J-in. 
long, when the air no longer descended, but no rarefaction took place in 
the vertical tube. 

In fig. 2 the same result was obtained as in fig. 1. In fig. 3 the 
vertical tube was made to project into the cross tube, and was cut 
obliquely as shown in the sketch at a. On blowing through the cross 
tube, in the direction of the arrow, rarefaction took place in the vertical 
tube, and the water rose in different trials from 20 to 30 inches. 

In fig. 4 the vertical tube was carried into the cross tube and curved 
as shown in the sketch, thus leaving an annular space J -in. wide. On 
blowing through the cross tube in the direction of the arrow, the water 
rose in the vertical tube from 20 to 30-ins. This result was improved by 
enlarging the annular space. 

In fig. 5 the cross tube was coned as shown in the sketch, and different 
sized cones were tried. The best result was obtained with a cone 9-in. 
long, ^-in. diameter at the smaller end, and |-in. diameter at the larger 
end, and in this case the water rose 31 in. in the vertical tube. 
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Thomas Ewbank. — Kiepenments on the comparative value of various form* 
of chimney caps and ventilators carried out by Thomas Ewbank and 
Jordan L. Mott at New York^ and communicated to tfie Franklin 
lustitutey Philadelphiay 1st July^ 1842. 

The blast was produced by three cylindrical bellows worked by a steam 
engine, and was conveyed through a 5-in. pipe terminating in an orifice 
3-in. diameter through which the air issued in a horizontal direction. 
Eight inches in front of the orifice a vertical glass tube 28-in. long, l^-in. 
bore, was placed, its lower end descending into a vessel of water, as 
shown on Diagram 2, fig. 1. The upper end of this vertical tube had a 
ferrule to which the caps experimented on were fixed. 




% J 



^3 



[17^ 



f 



Fij,5 



ri^.6 



Diagram 2. 

The result of these experiments may be briefly summarised as follows : 
When the ferrule at the upper end of the glass tube was placed in the 
centre of the blast no rarefaction was produced, and the water was neither 
elevated nor depressed within the tube. 

Cap fig. 2, consisting merely of a plain tube cut ofiF at an angle, and 
fig. 3, consisting of a right-angled bend, when placed in the centre of the 
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blast blowing in the direction of the arraws, gave nearly sinular i:^ault#« 
and raised the water in the Vertical tube from 1| to 2|*in, 

Cap fig* 4, consisting of a cross-piece on the vertical ttibe as per sketch, 
gave» when the blast was in the direction of the arrow, no rise of water in 
the vertical tabe. When the blast was at right-angles to the cross-piece 
the water rose two inches, and when it was at 45 degrees to the cross-piece 
the water rose 4 inches. 

Cap fig. 5, consisting of a conical cross-piece, cau^d the water to 
rise from 16 to 18 inches^ 

Cap fig* (i, similar to the last, but with a conical piece at the blast 
end, caused the water to rise from 22 to 24 inches. 



Boston Experimekts» — E^tperimmts on ventilation carried out b^ a 
Committee of the Americmi Academy of Aris and Sciences^ Boston^ 
and reported by Dr. Wymmt at the ineetin^ in March^ 1848 ^ 

In these experiments the blast of air was produced by means of a 
revolving fan and was conducted into a straight square trunk 10 inches 
by 10 inches. In the mouth of this trunk was a tube of tinned iron l|-in, 
diameter and bent at a right angle to carry the caps, the upright branch 
of this tube, about 6 inches longj reaching to the inside of the mouthy 
while the horizontal portion, about 5 inchea in length j reached within about 
2J inches of a coil of lead pipe 53 feet long* The connection between the 
pipe canying the caps and the lead pipe was made by a short glass tube, 
for the purpose to be explained further on» 

The fan was worked by hand, the blades being made to revolve at 300 
revolutions per minute by means of multiplying gear. The velocity of the 
blast as it issued from the trunk was measured by observing the deflection 
of a toy marble suspended by a silken thread in the centre of the mouth of 
the trunk, In onler to ascertain the velocity which the observed deflection 
indicated tlie same marble was suspended at the mouth of a tube l-in, 
diameter^ through which air was forced at a known velocity from a model 
gas holder. The velocity thus ascertained was 10"36 feet per second^ 
or 706 miles per hour, and this velocity was maintained throughout these 
experiments as the fan was always revolved at the same rate. 

The velocity of the induced current in the coil of pipe was measured 
by taking advantage of the well-known action of chlorine upon iodide of 
potassium dissolved in starch, A piece of paper wetted with the prepared 
starch was suspended within the glass tube and chlorine gas was allowed 
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tu enter the end of the coil of pipe- Tlie chlorine was carried along with 
the current until it reached the starched pajier which it instantly dved a 
deep blue. The interval between the chlorine being admitted into the 
pipe and tlie blue color appearing oo the starched paper was obser^-ed and 
this indicated the time the induced current took to travel 53 ft from 
which the velocity wai calculated. 

In the first place a perjjendicular fixed tube l^in, in diameter with a 
horizontal top \\2.s tried. 

Then a simitar tube cut off obliquely at an angb of 45** with the 
opening turned away from the hlastt then a number of elbows^ plates 
an<l cowls. 

The induced current caused by the blast on the ventilator is measured 
b}' the velocity through the l^-in. pipe. 

In the perpendicular fixed tube the velocity is 0"728 ft, per second, autl 
in the other arrangements ventilators varied from 0-609 to 2 '2 1 ft- per 
second. 

If we take the upcast in the open pijw as the datum as in the Kew 
experiments, tlien Dr, Wyman's experiments shew that the efficiency is 
generally much greater than that of an open pijie, being from twice to 
three times greater, excepting in the case where the reading is 0*609 ft. 



Ezperimenti on thi Efficiency of 0pm Pip€B and Wolperd CowU^ % Dr, 
Adolf Wolperi^ carried out in 1877. Second Editian of ** Ventilation 
und Heit^nngy^ p, 3S^^ 

The blast was produced by a centrifugal fan making 1,500 revolutions 
per minute* The blast came vertically upwards through a tube 10 centi- 
metres in diameter, and 54 centimetres abov*e the ground- 

The velocity of the blast was measured by one of Wolpert's statical 
anemometers, and also by a water manometer. The cowds and open tubes 
to be experimented on wore placed horizontally over the blast, and at 
distances varjing from ^ meter to 1 meter above the blast tube. No 
air was allowed to pass through the cowls or open tubes^ but the exhaust^ 
ing power was measured by a water manometer in connection with ex- 
haust tube, and the velocity w^as calculated from the manometer. The 
velocity of the blast varied from 31 meters per second (69*44 miles [>er 
hour) to 8 meters per second (17'92 miles per hour). Experiments were 
^made with plain open tubes of various diameters, via., 20, 40, 6f>, ^2 milli- 
meters, and also with Wolpert's Cowls new and old pattern. 



212 I.— Historical Notes. 

m 

The conclusions he arrived at are as follows : — 

That a plain vertical open tube is a very good exhaust apparatus when 
the wind is horizontal or only slightly inclined. That the frequently 
occurring down-draughts, and the admission of rain, necessitate the con- 
struction of other apparatus, even if these, under many circumstances, 
give a smaller efficiency than open pipes. 

According to Wolpert's experiments the exhausting power, with a 
horizontal wind, is as follows : — 

For an open pipe the exhausting power is two-thirds of the velocity 

of the wind passing across it. 
For Wolpert's new cowl the exhausting power is one-hdlf of the 

velocity of the wind passing across it. 
For Wolpert's old cowl the exhausting power is one-third of the 
velocity of the wind passing across it. 
Experiments with blasts at different angles show that neither of 
Wolpert's cowls were subject to down draught. 



Experiments on Ventilation or Cowl Testing, but not at Kewy hy S. Stevens 
Hellyer, ^^ Plumber and Sanitary Houses,^ Fourth Edition^ jy, 433. 
Experiments carried out in 1880. 

The experiments were carried out on two 4-in. lead pipes. The pipes 
were fixed upon a wall outside Mr. Hellyer's factor}^ and were 33-ft, long. 
There were several bends in the course of the pipes, but care was taken 
to have the bends similar in both pipes. The pipes were continued 
6 or 7 feet above the parapet of the wall, and were placed 4 feet apart at 
their upper ends. 

Two different methods of testing were adopted : 

In the first method, the pipes were connected by a V bend at their 
lower end, and a fan meter made by Negretti & Zambra was fixed in one 
of the limbs of the V-shaped pipe where it could be seen through a glass 
front. 

The trials were made upon what Mr. Hellyer calls the *' Pull Devil 
pull Beggar " principle. In the first place a cowl was fixed upon one of 
the pipes and the other left open. At the end of an hour a reading of 
the fan meter was taken, and if this showed that the cowl had drawn air 
through the open pipe, it was assumed that the cowl was better than the 
open pipe and vice versa. 
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In the next place a cowl was fixed on each pipe and observations taken 
in the same way to determine which cowl was best. 

It will be noticed that by this method the fan meter was read back- 
wards as well as forwards. 

In the next method the two pipes were taken independently without 
the V-shaped pipe, and two fan meters, one being fixed at the foot of each 
pipe. A cowl was placed on each pipe and tests were made at intervals 
of 10 minutes, 1 hour, and 2 hours. Readings of the fan meters were 
taken at the end of the interval, and then the cowls were changed over so 
that each cowl was on a different pipe. 

The experiments show that a few of the cowls gave worse results than 
an open pipe, but most of them gave better results, the gain being from 
3 to 18 per cent. 

Mr. Hellyer's own conclusion about the cowls is : " Taking all the 
tests, the palm of victory must be given to Mr. Buchan, and the results 
given in the various tables warrant the author in placing his own about 
second on the list." 

Addendum. 

Additional materials for completing the introduction thus commenced by 
Mr. Peggs are contained in two books of newspaper cuttings, entitled " Principal 
Eiperiments on Ventilation by Cowls and Other Automatic Means," and 
"History of Ventilation by Cowls, Ac," extracted from the Plumber and 
Decorator, January, 1885 to August, 1889. 

In 1898-1900 a complete synopsis of the work carried out by the Committee 
was prepared with a view to the preparation of the Heport to be presented to the 
Institute ; but no draft of a Report was prepared beyond some rough notes by 
Mr. Field and Mr. Peggs indicating the general lines proposed to be fol]o\\'ed. 



II. — Chronological Table of Work done. 

(Drawn up probably in October^ 1896^ and extended to the time of 
publication^ 1901.) 

1876-7. Experiments* by Mr. Field and Mr. Peggs, 1876-7. 

1877. Exhibition of The Sanitary Institute at Leamington in 1877. 



* Between I>ecember, 1876, and July, 1877, a number of experiments were made 
by Mr. Peggs and Mr. Field in a garden at Stoke Newington. So far as can be ascer- 
tained the experiments consisted in comparing the flow of air through a cowl, read by 
means of an air meter attached presumably to a pipe, which was surmounted by the 
cowl under obeenration, with the simultaneous readings of an anemometer. Various cowls 
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1878. Sub-committee (*) appointed to test Cowls exhibited. 

1878. Experiments (t) at Verification House, Kew Obsen-atory, 1877-8. 

1878. Mr. Peggs" paper at Paris (t). 

1S7S. Beport of sub-committee in 1878 (♦). 

Criticisms (t) as to coning and as to variation of upcast in different 

pipes. 
Further experiments to elucidate this. 

1879-80. Experiments on 3-in. Air Meters with experimental gas holder at 
Sugg's, 1879-80. (Report, p. 238.) 

1880. Experiment* on 6-in. Air Meters with experimental gas holder at 

Kings Cross, 1880. (Eeport, p. 251.) 

1881-2. Experiments on 3-in. Air Meters at Sugg's, 1881-2, with experi- 
mental ga« holder. Such great discrepancies in the results that 
it seemed unsafe to use them. (Eeport, p. 243.) 

1884. In 1884 a special gas holder was fitted up at Mr. Field's offices at 

Cannon Row and very accurate experiments tried, which cleared 
up the whole matter and showed that the discrepancies were due 
to air currents, and to different temperatures of water. (Report, 
pp. 244.) 
[1884, August. Mr. R. O. Rymer Jones commenced experiments 
at the Hut in the Old Deer Park under the direction of the 
Committee.] 
Tested 6-in. Air Meters for low velocities. 

1887. And tried 3-in. and 6-in. at Old Deer Park. (Report, p. 265.) 

1884-92. Experiments at Old Deer Park, 1884-92. Mr. Rymer Jones made 
roughly 2,000 experiments. 

1893-7. Subsequent experiments, say 4,000. 

1893. Mr. A. W. Ackermann and Mr. W. D. Matthews engaged ; books 

checked and reductions made. 



were tried in this way, as well as an Open Pipe. The results appear on thirty-four foolscap 
sheets, but no final reduction of the numbers has been completed, so that the effective 
comparison of the cowls is not available. In view uf the more elaborate arrangements 
subsequently adopted, it seems now unnecessary to do more than mention the existence of 
these readings. 

(») Names of Committee:— Captain (afterwards Sir) Douglas Galton, C.B., P.R.8., 
who died 10th March, 1899; Mr. Rogers Field, B.A, M.InstC.E., who died 28th March, 
19U0; and Mr. William Eassie; after Mr. Eassie's death in August, 1888, Mr. J. Wallace 
Peggs, ABsoc.M.In8tC.E., became a member of the Committee, but died on 24th Feb., 1899. 

(t) See " Sanitary Record," September 13th, 187a 

iX) These criticisms are preserved in book of cuttings among the papers collected by 
the Committee and now preserved at The Sanitary Institute. 
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1894. * Open pipes reduced and wind compasses prepared. ( Report, p. 302.) 
1394. Investigation of abnormal experiments sshowed that a number of 

experiments required to be rejected as unreliable; certain rules 
were drawn up (such as line of pipes, outside pipt»8 differing 
10 per cent.) so that the rejections might be made on a uniform 
system, and each individual experiment wa« examined by Mr. Fif Id. 
A large number were rejected. (Report, pp, 299 and 346.) 
1S04. When this was done and complete tabulations made it was found 

that other experiments were wanted, and supplementary experi- 
ments were commenced in 1S94. 

Special instructions were given only to try under favourable condi- 
tions, and stop if experiments were abnormal. 

These supplementar}' experiments showed that a number of points 
required working out. 

1895. March. ^Ir. H. Farmer engaged in pLice of Mr. Rymer Jones. 

Curves prejmred for : — 

1S95. Plain Diverging Tubes. 

1895. Different-!»ized Caps over pipes, etc. 

1895. Different heights as Hill Cun'e* on same day. (Report, p. 405.) 

It was found these miLst be tried on the same day with a favourable 

wind, leading to great delay. 
Sliding caps were tried to pave time, with set screws, but subse- 
quently it was found that these affected the results and had lo be 
repeated. 

1895-6. These led to a great expenditure of time and farther results and 

discoveries, and eventually 3,200 additional experiments have 
been tried, making 5,200 altogether, and as valuable discoveries 
have been made quite recently some more experiments will be 
wanted. 



1896. Experiments \nth twirlers (Upcast and Down-draught). (Report, 

p. 382). 
1896. Experiments with sugar loaf and sugar loaf Hill Curves.* (Beport, 

pp. 363 and 411.) 



(*) Hill curves are understood to mean curves representing the results of a series of 
experiments generally completed on one day, to ascertain the effect of difference of 
position of a rain-gauge cap, or sugar-loaf terminal, over pipe or diverging tube, or any 
other one variable. Such curves are represented in the Report (Diagrams AE to AP, 
p. 405, BD, p. 414, and BU, p. 420.) 
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1897. Louvres and feathers found to be advantageous in certain cases. 

(Beport, pp. 226—228.) 

1898-1900. Downdraught experiments ^idtli board at various distances behind 
centre of Cowl or Terminal, p. 437 ; experiments with Injectors 
(Beport, p. 434) ; upcast experiments with jointed pipes, twirling 
tops, and improved single louvres with feathers ; also over 1,000 
experiments on various terminals with sloping roof, p. 334. 

1900-1901. Adding to complete tabulation and preparing rough draft for 
completing and publishing report. 



III. — History of the Development of Tests on Louvre Terminals.^ 



1897. 
3rd July 
5th July 

10th August 



12th November, 1897. 



f Comparison of Sugar Loaf and Louvre. 



16th August \ 



16th Sept. 
16th Sept. 
2l8t Sept. 
17th Sept. 
4th Oct. 
oth Oct. 
22nd Oct. 
11th Oct. 
20th Oct. 
21st Oct 
21st Oct. 
28rd Oct. 
2nd Nov. 
3rd Nov. 
4th Nov. 

3rd Nov. 

10th Nov. 
Nov., 1897, 

and 
Feb., 1898. 



j Comparison of louvred diverging tube and same encased in cylinder. 
I See also 21st Oct., 1897. 

Comparison of uncut and cut cvlindrical Louvre. 

Comparison of Louvre fitted with four feathers and ditto with four 

1^" dia. brass wire stays. 
Lobster with feathers. 

Comparison of 4, 7, and 9 feathers without cap. 
do. do. do. with cap. 

Comparison of 7 and 9 feathers with and ^ ithout cap. £^ A-^ 
Comparison of 7, 9, and 11 feathers with cap. ff 

Comparison of two forms shown in sketch. 

To find best length of feathers below Louvre. 



To find best length of feathers inside Louvre. 

Comparison of 4 and 9 feathers with small top Louvre. Besult, 

efhciency same. See smoke tests on 4th Nov. 
To find best diameter for top of Louvre with 9 feathers. 

Smoke Tests. 



» See Table XXVIL, p. 349, and Diagrams 57-82, p. 397. 
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IV.-iTiY/ Curves. 
7J-IX. Cap over J^in. Pipe. 

The first attempt was made on the 2:5rd August, 1895. On this occasion 
'* Flush " seems to hare come out too low, viz. : Batio '84, inserted ^ in. being 
•86, and | in. above being 1-04. 

On account of the great difference between Flush and J in. above, another 
attempt was made on the 4th October, 1.S95, with the ^ in. above included. 
This 8<»cond attempt was frustrated by heavj rains, thus preventing completion 
of curve. 

A third attempt was made on the 25th October, 1895, and was fairly suc- 
cessful. The Bobinson Cups were out of order on this date. 

See Diagramt 65 — 77, p. 405^ Diatjram 74, />. 4^, «w(Z Dingram 80^ p. 4^0. 



V. — Causes of Delay . 

Waiting for a suitable wind. A very g(X)d viind is wanted for these curves, 
as something like twenty-five experiments have to be made, and all of these have 
to be done in the same wind. 

Wind velocity dropping, causing rejection of experiment. 

Wind direction changing to "line of pipes," causing rejection of experiment. 

Outside pipes differing by 10V« or more. 

Rain ; meters have to be taken out. 

Gusty winds. 

Ratios differing by 57o or more. 

Sliding Caps. — A great number of experiments were made with Sliding Cap 
with zinc studs, which were found not to be reliable. 

King*s Cross note-books checked and experiments averaged. 

History of the consecutive readings of King's Cross Meters (671, 673, 674) 
had to be made. 

Standard 3-in. and 6-in. Curves re-plotted. 

Open-pipe sheets re-worked from revised curve. 

Kew note-books (forty in number) checked. 

Wrong p isition of meters noted, in some cases caused the following altera- 
tions: (1) Complete Tabulation ; (2) Wind abstract; (3) Wind compass; (4) 
Batio compass. 

Abstract of day's work (history), prepared for doubtfid days. 

Examination of each individual experiment by Mr. Field for doubtful experi- 
ments which, or some of which, ought to be rejected. 

TOL. XXn. PABT III. p 
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VI. — Correspondence. 



122, SiNCLAiB BoAD, Kmtbikoton, W. 
October I6ih, 1896. 

BoGEBS Field, Esq. 
Deab Sib, 

I happened to look in at the National Gallery to-day, and was struck by 
the numerous chimney caps (Fig. 1) in the pictures of Venice. It might interest 
you to look in there some day : if so, note the following pictures : — 
No. 163, by Canale, 20 examples : see ex- 
ample in right hand comer. 

No. 127, by Canale, 17 example: note ex- 
ample in left hand corner. 
No. 1059, 5 examples. 

No. 938, by Canale, 39 examples, and 4 with 
ornamental terminals (see Fig. 2). 
No. 1058, by Canale, 39 examples. 
No. 937, 6 examples, and one example shows 
signs of having been doctored (see Fig. 3). 
No. 210, by Guardi, shows 18 examples. 
No. 812, by Giovanni Bellini — lived between 
1428 and 1516 — shows 2 or 3 (faint) examples : 
see left hand corner, I oase tops (see Fig;. 4). 




?' 



F'g. 2. 



Bbitish School: 

No. 407, by Stantield, 3 examples. 
No. 370, by W. M. Turner. 

Yours faithfully, 

A. W. ACKERMANX. 




Fig. 4. 



N-^LES, 

Dec, 18th, 1895. 
R. Field, Esq., Westminster. 

Deab Sik, 

A few weeks ago 1 did not think 1 should have the pleasure of seeing 
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those interesting Venetian chimneys we have previously discussed. I now send 
you a few copies (Diagrams 3 and 4, pp. 220-221) from my note hook that may he 
of interest to you in connection with the very valuahle set of experiments you 



are conducting. The 



V 



-shaped Venetians are not so much in fashion as 



in Canaletti's (artist) time, but many still remain and seem peculiar to Venice, 
for I have not noticed them elsewhere. They are built up of very thin 
bricks or stones specially shaped, and inside have a second chimney loosely 
covered with tiles. I was frtrtunate enough to see one under repair from the 
Tower of St. Mark's. Occasionally they are grouped in threes and fours, and 
run at times very large, as much as four or live feet across the top. All have 
vent holes near the smaller diameter. No. 15 is interesting, as so near Mr. 
Peggs' favourite pattern, and looks well. 

No. 18 from Rome is very quaint, and also looks very well. 

No. 14 is in terra cotta, modern, and much used in Milan. 
No. 12 is of sheet iron, and seems the favourite pattern here 
in Naples — as many as two dozen being on some roofs, mostly 
flat here ; and as thny do not seem to have been doctored, 
are apparently successful. I think their section must be of 
the form here shown, but cannot get near enough to get 
dimensions. 

No. 1, from Milan, has a cowled top of plate, the rest in brick and plaster, 
which seems the favourite material. 

Yours faithfully, 

A. W. Acker M\NN. 




Xotes re Chimney in Italy^ by A, W. A,, Dec, 1895 (gee diagrams -i and 4$ 
pp. 220-221) :— 

Nos. 1, 8, 9, 10, 13, and 14. Milan. 

>fos. 2, 3, 4. Farmhouse between MiUn and Venice. 

Nos. 5, 13. Florence. 

Nos. 6, 7, 11, 15, 16, 17, 19, 20, 21. Venice. 

No. 18. Rome. 




The commoner forms, as 2, 3, 4, 8, 17, appear to aim at as 
little obstruction as possible by corner columns, and in some 
cases the cap is supported with thin tiles, placed as here shown 
on plan. 

A. W. A. 
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11, BuE BoissT d'Akolas, Pabib, 



Aiiril 10th, 1879. 



Dbab Sib, 



I called immediatelj on M. Fare (156, Eue de Bivoli). He says be 
cannot give his report except upon an order of the Agricultural Bureau. I am 
going to inquire for you and Mill report soon. 

As to the experiments on cowls, permit me to give my opinion to yourself 
and friends. 

Page 146 of my book (Traite de chauffage) you might read : 
*' Bien des personnes s'imaginent que Thelice fixee h. Tinterieur d'un tuyau 
active la sortie de la f umee : cest une erreur.'' 

You see I did not wait your experiments to have a right opinion on the 
subject. See figures 87, 90, 94 to 96, 97, 98, 101, 
103, 118, 125, 129, 130, 131, 164 to 182 of my 
book : you will find endless forms of cowls (or M. 
Eassie's, pages 172 to 175). More than 2,000 
Patents have been taken on the subject, all copied 
irom old things. The theory is this : Ist, Suppose 
a wall AB higher than the pipe C and no wind. 
The ascending power of the smoke or vitiated air 
will be exactly in proportion of the difference of 
density of the gases of the column C and the ex- 
ternal air. 2nd, Should the wind blow from D or 
E or ¥ the ascension of the smoke will be natural ; 
but should the wind come from G its strength may 
be superior or equal to the difference of density 
I just spoke of, and will cause the effects we 
all know. Hence all those inventions to put a 
*' para vent" or screen on the G side, or to force 
the wind to drag away the smoke as we do here 
with the revolving "gueules-veloup." 
One of the most simple of the inventions is no doubt the Chinese 
cap, used thousands of years ago, together with proper and sufficient 
air ducts to supply air to fireplaces, a thing which is just as badly 
understood in England as elsewhere ; a thing which has been done 
here by Ganger in 1713 (see **La Mecanique du Feu"), and rein- 
vented or recommenced by Captain Belarius in 1832 (Memorial de I'Officier du 
Genie), and twenty years afterwards by Captain Douglas Galton in his famous 
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ventilating fireplace, so much spoken of in all the scientific papers of the last 
twenty years. 

Now to the cowls. Never forget the rule 1 laid down (last line, page 268 of 
my book*): 3 things are indispensable to provide ventilation — an entrance or 
air duct ; an exit for vitiated air ; and, last, a force. The cowls you experiment 
with are nothing else but •• paravents*'; some of them may act well, like plain 
open pipes, in case of strong wind, but are actually worthless, and I say more, 
prejudicial, in case of calm weather, when you mosthf want ventilation. 

One of the best modes of ensui ing cheap ventilation (that is to say, to find the 
third term of the problem) and one to be used in barracks, hospitals, kitchens, 
etc., is to put the vitiated air of the various rooms (when possible) in contact 
with the smoke pipe of the kitchen, said pipe of conduc- 
tible material and inserted in a main exit pipe of masonry : 
when you cannot resort to it, have gas or some other 
agent, but do not depend upon natural forces like the 
wind, which act like wind-mills and give you water when 
you do not want it. 

Very truly yours, 

Chs. July. 

1 send you a few copies of my last brochure to give to your friends of the 
Sanitary Institute, and particularly to Captain Douglas Galton. 

When you can inform me of what you are doing on your side I shall feel 
obliged. I subscribe to the Journal of the Society of Arts for that. 




5, Cannok Row, London, S.W., 

May IJth, 1879, 

M. JOLY. 

Dear Sir, 

I ought to have written you before to thank you for your letters and 
for the trouble you have kindly taken in endeavouring to obtain M. Fare's Report 
for me. 

1 wrote to M. Tisserand, Directeur d' Agriculture, as you suggested^ a letter, 
a copy of which I enclo.se, but 1 have not received any reply. 

1 liave given copies of your note, " Sur la ventilation des Salons," to Capt. 
Douglas Galtjii and Mr. Eassie, and forward you per look post a ccpy of ihe 



* Traits Pratique du chaufl'age, de la ventilatioD, et de la diitribaticn dea eaox. 
Paris: J. Baudry. 1873. 
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Sanitary Becord of last week, in which Mr. Eassie notices your paper. I will 
give the remainder of the copies to other gentlemen interested in the subject 
when I have an opportunity. 

I have referred to the yarious passages in your *' Traite de Chau&ge " (which 
I am sorry to say I have not yet had time to study as carefully as I should 
desire), but I do not see that they deal with the precise point which we are 
going to investigate in our cowl experiments. There can be no doubt that in a 
number of cases the up-current in tubes is created by difference of density of the 
gases as you state, but there are also many cases in which the up-current is 
created simply by the parage of wind across the exposed upper end of the tube. 
This we proved in our previous experiments at Kew, where we got a very strong 
up-draught varying with the velocity of the wind when the temperature inside 
and outside the building was precisely the same. It is this " induced current " 
due to the action of the wind, which we are going to investigate. 

We intend to measure the velocity of the wind, also the corresponding 
velocity of the up-current, and ascertain if we can what relation the one bears 
to the other. This, as far as I know, has never yet been done. 

We are at present engaged in testing our air meters and anemometers, so as 
to obtain a reliable standard on which to work. The result of these experiments 
AS far as they go, shows that these instruments as ordinarily used, are not to be 
much relied upon, and if we do nothing more than obtain correct data with 
reference to them, I think we shall be doing good service to the science of 
ventilation. 

What kind of air meters do you generally use for testing currents in ventila- 
ting flues ? 

Yours ver}' truly, 

BoGEBs Field. 



11, EuE BoissY d'Anqlas, Paeis, 

May Uth, 1879. 
DsAB Sib, 

I received your letter 12th inst, also the paper ; many thanks for it. 
!•• M. Fare's Eeport. — I do not know of any other means now but to write 
the same (M. Tisserand's letter), and direct it, 

M, le Directeur general 

de V Administration des Forets, 

au Louvre^ 

a Paris. 
Perhaps he will answer. 

2^ Anemom^tres. — Here they measure the velocity of the current together 
with the diameter of the anemometer and calculate accordingly. But I doubt if 
the result is scientifically exact. 
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Some of the be§t anemometers liera ape made by M* R Bnrd\\ 6, ATennie de 
Lamotbe, Piquet, Tou migbt write liiro and mk description and prict^ of his 
instrumenta, etAting for what t>bject^ 

I think the ohject you have in view has never been tested ficientifically, and 
you will do much gotxl by throwing light on the quefttions. Tour papers , like 
Builder^ are full of falae notions and itiTentioDS on the subject. 

With much respect, 

Cns, JoLY. 



VI L — Sugar Loaf and Louvre Tet^minais. 

Ill some preliminary memoranda made by Mn Field in 181*7, as to 

ar Loaf and Louvtc Terminals, the folbviring notes appear with 
reference to the experiments : — 

19th April — The length of the side (as long as it is more than :^ 
inche^s) and the size of the top do not mucli affect the efficiency. 

Dawwdrau^fit—JiQ plain Sugur Lroaf can be constructed wincli will 
be proof against down-blow and fairly good against up-blow. The nearest 
approach with plain pipe is when the top is ^5 per cent, of annular ispace 
at bottom^ in which case it will be proof against down-blow as long as 
angle does not exceed 50^, and against iip-blow as long as angle does not 
exceed 38° (40'' I). When area of top is 50 per cent* of annular space il 
is completely proof against down-blow, and this can easily be made proof 
against up- blow by a ring fitted to the pipe below. 

The following conclusions as to Sugar Loaf Terminak were drawn on 
14tb October, 1896, from a study of down-di'aught ejqjcriments : — 

In order to prevent down-draught. Position A at 60** Ratio p / . 

must not be mor^ than "50 {*53 ?), unless Sugar Loaf is a considerable height 

above pipe, (This is the reason of down-draught with diverging tube*} 

Col '4 
In order to prevent down-draught, Position B at 40"^ Ratio rpr-^ 

must not be I09* than *63, unless Sugar Loaf is a considerable height above 
pipe. 



* Cd!. 3 = area of top of Sugar Loaf; CoL 4 ^ ztroa of amuilar tpoce at bottom of 
Bngar Loaf. 



^ 





S2« /.— Hutarieal XoUs. 

It ffAU/w% that Sugar Loaf cannot be made down-dranght proof at 60^ 
FMtioo A and 4ff Position B, unless Sngar Loaf is oonaderable height 
al^>T#; pipe. 

The Sngar Loaf with top 4^ inches diameter, bottom 7^ inches, and 
side 1^ inches long, is decidedly worse for Position A than that with side 
9 inches long, and no better for Position B. 

LOCVRES. 

Ajf/v:/ of Uwjthening Conical fjonrr^s. 10th May, 1897. 

The lengthening of these conical louvres apparently affects the eflBciency 
when the wind blows between the feathers more than it does when it blows 
against them, thus exactly reversing 
the action in the case of cylinder 
louvres. In the case of between 
feathers also, lengthening improves the efficiency instead of diminishing it 
as in the case of cylinders. (Report, Table XXVII., pp. 349). 

CjKosL Four Feat/iers. — The height of the louvre with 3-inch pipe 
should not be more than 3 inches. 

\.B. — ^The lengthening of the cylinder louvres especially affects the 
efficiency when the wind blows against the feathers. (This only applies 
to cylinders). With short cylinder Between is better than Against. 
With long cylinder Between is worse than Against. 

In order to get greatest efficiency two conditions seem to be necessary*. 
(1) Area of top should be about equal to annular space at bottom; (2) 
Area of annular space at bottom should be 4 or 4^ times area of pipe or 
diverging tube. 

It is a disadvantage to make the louvre too large. 

If above conditions are adhered to, but not otherwise, a 4^ inch 
diverging tube gives about 6 per cent, better efficiency than a plain pipe. 

Four Feathers, — When the top of the louvre is reduced (as it must be 
to prevent down-draught from down-blow, see below), the efficiency is 
greatly reduced, and in this case also the reduction is much greater with 
wind blowing against the feathers than with wind blowing between. 

Down-draughf. — A louvre with top about same area as annular space 
at bottom is subject to strong down-draught from down-blow. In order 
to prevent this, area at top must be reduced to 30 per cent, (or slightly 
less) of annular space, wlien it will be down-draught-proof with down- 
blow, and only subject to down-draught with up-blow when angle more 
than 45" (?). The efficiency with 6-inch bottom will be only 1-08 (?). 
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Conical Louvres: Four Feathers. 12th May 1897. 

Results of down-draught tests, 11th May, 1897, on louvres 7-inch 
diameter bottom, to a certain extent upset experiments with louvres 
6-inch diameter bottom made on 12th April, 1897, and show that with 

T i — rr \i~ ^ '23, 6 -inch bottom is not proof from down- 
Annular space at bottom ^ 

blow at 60° angle. Any ratio smaller than '23 is quite out of the question, 

as the efficiency would be so verj' low. The small-top louvre cannot, 

therefore, be made a first-class cowl as regards down-draught without 

covering, and if covering has to be adopted it will be better to use a 

large-top louvre, as the efficiency will be much better. It is, therefore, 

not worth spending time on small-topped lou>Tes in trying to effect small 

improvements in them by increasing the number of feathers or putting on 

fillets. 

On the other hand, -. 1 — ■ , . --— ^ '28 will be down- 
Annular space at bottom 

draught-proof from down-blow with angle 54°, and from down-draught 

from up-blow at an angle of nearly 50°, so that it is a fairly good working 

and simple terminal with four feathers. 

Down-draught. 13th May, 1897. 

Comparison of S-feaUiered louvres tcitli i-^feathered louvres. — A comparison 
of the down-draught curves for 3-feathered louvres, with down-draught 

curves for 4-feathered louvres, shows that with ^ « — . i — rr- = 

' Annular sjmce at bottom 

'50 and above, the curves for the 3- and 4-feathered louvres appear to 

acree. On the other hand, with t \ — n— r: — ^ less than 

" Annular space at bottom 

•50 the curves differ, especially the up-blow; the 3 -feathered louvres 

being rather better than the 4-feathered louvres with down-blow, and 

much worse than 4-feathercd louvres with up-blow. 

Louvres. 6th July, 1897. 

Experiments of 6tli May show that with a small-topped louvre wind 
blowing against feathers, the best result is got when the louvre is IJ ins. 
deep, and the worst when 3 ins. deep. When blowing between feathers 
the best result is when louvre is 3 ins. deep, and worst when \\ ins. deep. 
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The above is confirmed by experiments of 21st May, 1897, when with 
wind blowing against feathers the best result is obtained at 2^ ins. deep 
and worst at 4 ins. deep. 

With wind blowing between feathers the depths apparently make not 
much difiference. 



Large Topped lA>uvres. 

Wind blowing against feathers, practically no difference between 
1} ins. and 3 ins. deep. 

Wind blowing between feathers, practically no difference between 
1^ ins. and 3 ins. deep. 

Experiments of 26th March, 1897, seem to show, by comparing against 
and between, that top of louvre must be large enough to take discharge 
from pipe plus the entry at bottom of louvre ; also that a louvre is spoilt 
by making it too large. 

Height of Louvres. 14th August, 1897. 

Index Number of 
Experiment. 

5528 to 5542. 3 FeatJiers. — With 4i-in. top, 6-in. bottom over 3-in. pipe, 

height of louvre between 1^ ins. and 6 ins. makes no 

difference in efficiency. 
5968 to 5979. 4 Feathers. — With 5i-in. top, 6-in. bottom, height of 

louvre between 1^ ins. and 3 ins. makes no difference. 
5824 to 5827. 4 Feathers. — With 6-in. cylinder efficiency diminishes 

when height increased from 3 ins. to 6 ins. 
6012 to 6019. 4 Feathers.— With 7J-in. top, 9-in. bottom, over i^-in. 

and 18-in. diverging tube 4^ ins. high, is not so good 

as 3 ins. high. 
(5020 to 6927. 4 Feathers.— With 9-in. cylinder over 4^in. and 18-in- 

diverging tube 4} ins. high is not quite so good as 

3 ins. high. 
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PAKT IL-STANDARD CURVES. 

THE PRKPAHATION OF STANDARD CUHVES FOE DETEHMINLXO 
THE FLOW OF AIR THBOUGH A PIPE, FROM HEADINGS 
or AN AlE METER PLACED IN THE PIPE. 



The method adopted hj the Committee for their work in romparing 
Cowls was to ascertain by means of the readings of air meters the flow up 
vertical tubes surmounted by the cowls in qoestioik TIil* fii-st part of the 
investigation wan, therefore, to test the readings of the air meters em- 
ployed, in order that tlie results derived therefrom might be made really 
cx>mparable one with anothen 

Correctious for these instruments are generally given by the makers. 
It is usual to adopt a single number, to be added to the readings of the 
instrument, intended to represent the allowance that must be made for 
friction, etc. The following series of corrections for the air meters used by 
the Committee (Table L) was furnished by Mr, Lowne, the maken The 
corrections were apparently determined by mounting the instrument at the 
extremity of the arm of a whirling machine, and comparing the length of 
the path described by the instrument on the w^hirler with the corres|Kindiug 
indjcation of the instrument itself. Specimens of the experiments upon 
which the corrections were based are gi%*en in Table IL, p. 23 L 

Al the Kew Observatory (now the National Physical Lahomtory) tests 
of these instruments are carried out in a similar manner; and in response 
to a request from the Editor, Dr, Chree, the Sui>erintendeiit of the Ob- 
servatory Department^ kindly supplied the foUowing account of the general 
results of the tests of air meters at Kew, with a note of the test of one of 
the meters belonging to the Cowl Committee. 

**I have looked into some of the more recent data obtained in the 
" verification of air-meters, Of late years the practice has been to take 
** as tlie independent variable the velocity recorded by the meters and to 
*' chronicle the percentages of the tnie velocities, as deduced from the 
"counted revolutions of the revolving arm. The observer reallv draws a 
"curve to fit the observed values, and deduces therefrom figuix^ answ*ering 
** to velocities of 30, 40, 50, or other round number. For a very e^^act 
'* inquiry it would be better to have recourse to the actual observation 
**data, but I have not thought it necessary to do this, A glance at the 
**^data shows that at high velocities the ratio borne by the recorded 
** velocity to the true velocity approaches an asymptotic value, and at 
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Table I. — 3-in. Air Meters. 

Table of Corrections for A ir Meters. 

Taken from separate Tables specially prepared by maker on printed forms. 



Mo. 


6I9> 


NO. 


611. 


No. 


620. 1 


No. 


446. 


TiHrutHrti 


Qs lo iac/T« *i 


The fi.n begin* toinoTflipl 


Thfl fu) b«0tii t« tflowft 


Tbe fw be^fw id mam 


mbtmi^Uttm 


permlDtiU!. 


abdtit A« fcQi jwr islautA. 


Mi «0 itmx par mlDuic. 


^tatmAptrmiMmtA, 


VfllodiT 

Abo*na by 
m«(ar per 

1 


■hiliWll by 

niliiatflL 


Vftl-jctly 
iho^n bf 
met«r per 


CorrecUoB 
for v*iocUy 
•&OW11 by 
met«r p«r 


Velocity 
thown by 
inetffT jwr 

mtniit«. 


BhOP^D bj 

td«t*rp(?r 

mlnotfl. 


VdocttT 
Rhown bj 
iDe<erp«r 


Cormiin 
for rdwitT 


^t 


Peet, 


Feet 


Feet. 


i Fe«L 


Feet 


Feet. 


FmL 


m 


+ 53 


ao 


■f 53 


20 


+ 57 


20 


+ S7 


40 


+ 50 


40 


+ 50 


40 


+ 54 1 


40 


+ M I 


60 


+ 48 


flO 


+ 48 


60 


+ 52 


60 


+ M 


m 


+ m 


80 


+ 46 


80 


+ 49 


80 


+ fi8 1 


lOO 


+ 44 


100 


+ 44 


100 


+ 47 


100 


+ »l 




lao 




12iJ 




120 




l^ 






f m 




140 




140 




140 






■ 100 




160 




160 




160 






[ 180 




ISO 




180 




180 






1 200 


+ 41 


200 


+ 41 


200 


+ 37 


200 


+ K 




»l 




320 




22tr 




220 






sio 




240 




240 




240 , 






JM 




250 




260 




2m 


|i 


280 




280 




280 




280 


1 


900 


4-39 


300 


+ 39 


:iOO 


+ 33 


300 


+ « i 


Ml 




320 




320 




ftnd above 


1 


, Ml 




340 




340 






" 


' aeo 




360 




360 






1 


Ml 




380 




380 








400 


+ m 


400 


+ 38 


400 


+ 28 




• 


420 




420 




420 










440 




440 




440 










4fi0 




460 




4fi0 










4li0 




480 




48J 










' 500 


+ 37 


600 


+ 37 


500 


+ 27 








£» 




520 




620 










dio 




540 




540 










W 




fiftO 




560 










66) 




580 




' 580 










flCW 


+ m 


6yo 


+ 36 


tsoo 


+ 26 








and ftbovfi 




and above 




aod above 











Add per 
minute 

to the 
observed 
reading 

of the 

Air 
Meters. 



Ck)rrection8 for Air Meters pasted by maker into box. 



40 



40 



30 



46 



NOTB.— Eftch instrument ia now regalated to m to redaoo the correotion to a conaUf 
which must be added m In the example given. 



M qnantltr p« mi**—- 

1 
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Table U.— 3-m. Air Meters. 

Table of Experiments made with the Whirling Machine 

at Mr, Lowne^e wwlcehopy Lnceeter Hoitee, Finehley, 14th September, 1878. 

(Book AA^, P^9^ 1^') 



iHSTRinfBRT. 


DitUnoe 

of inatmmeni 

from axil 

iofeet. 


Whirlbb. 

Diattnoe 
tnTelledeach Namber of 
rcTolation reroloUona. 
in feM. 


1 


Description 
ifutrument. 


ii 


B«ffitt«r 

per minnte 

in feet. 


Feet per 
minute. 


Three-Inch Air 
Meter, No. 446. 


1 

1 


261 
258 


3-98 
3-98 


26 
26 




12 

12 ' 


30J j 
300 1 




1 


661 
661 


3-98 
3-98 


25 
25 




24 
24 


600 
600 


Three- Inch Air 
Meter, No. 619. 




672 
263 
263 


3-98 
3-98 
3*98 


2.^. 
26 
26 




24 i 

12 ; 

12 


600 
300 
300 


Three-Inch Air 
Meter, No. 611. 




260 
670 
566 


3^3 

3'«8 
398 


26 
25 
26 




12 
24 
24 


300 
600 
630 



" velocities above 500 feet per minute the variation in the ratio is small. 
'' It also appears that at the higher velocities the average air-meter 
'•(without any addition of 30 feet per minute) recorded somewhat too 
*• much. [I am not prepared, without more minute investigation, to 
''maintain that this may not be due, in whole or part, to the testing 
'• conditions.] On an average 2,000 feet was recorded, when the supposed 
" true velocity was 1,916 feet ; t.e., the meter recorded 104 '4 per cent, of 
" the true velocity. Amongst the air-meters whose records I examined, 
" the extremes were 86 per cent, and 122 per cent. To put all the meters 
" on the same footing I first assumed that each at 2,000 feet per minute 
"gave the true velocity. For instance, if one rcally recorded 122 per 
"cent, of the true velocity when recording 2,000 feet per minute, I 
"divided the percentage given for each lower velocity by 122, and then 
*'took the mean of the results thus found; then converting the per- 
" centages into absolute velocities I found the following results (velocities 
*' in feet per minute) : — 

bySete?}^^ 60 60 70 80 90 100 120 160 200 260 300 400 600 600 1.000 1,500 

velodUes l^S 88 94 104 118 127 130 160 179 225 281 326 426 620 621 1.016 1.508 

SvS!f^ 38 31 34 38 37 30 



40 29 26 31 26 26 20 21 16 8 
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"If, now, we apply a conection of 4- 30 accordii 
•* instructionSs we are left with the following errors : — 

«l3-S^4-4 *e -7 0-10 +1 +5 -1 +4 +4 + 
** Perhaps the more natural (though less instructive) wa] 
"figures wouh! be to compare the recorded and fj'ue veloc 
"meter separately* without taking account of the size of t 
'* ratio at higli velocities, I have not taken the trouble to dt 
'*but liavc made a ealcuktioa coming to pretty much the 
** employing the mean percentages, assuming that they answ 
"meter recording 4'4 per cent too high when recording 2, 
" minute. In this way we get the following figures: — 

iJJf JjJ^JJ;^ { 40 50 eo 70 so 9J 100 120 im 200 2m soo 400 soo 6oaV 

Adding 30. 70 80 90 100 110 120 130 ISO 180 230 280 330 430 530 630 I, 

True ) 

Velocity, j 

EfTor, -10-4 



80 84 90 100 113 122 12S 153 172 2B 260 312 406 498 595 f 
-5 -2 +5 ^3 +8+H + 11 + 18+22+32+35 + 



"In all, thirty meters were included, but at many points 
"data for only a minority of these, most being compared at o 
*' eight veluclties* Tims the results are inij>erfectly smooth, 
'*or eight were 'Biram* anemometers; these gave, if an>^h 
**Iii»»her percentages than the 'ordinary,* hut nothing to be sun 
*' were in three cases data answering to a recorded velocity of 
*' minute, when percentages are given as 32, 45, and 27 r 
'* clearly friction comes in more largely at such low veto 
** according to tiie correction of 30 feet per minute. Mr. Ko^ 
** 4-inch atr-meter was last tested here some seven or e ight 
" witli the following results : — ^H 

Rfttc by meter. „.........,.., 60 70 80 100 250 300 600 1,000 Ifl 

Percentage of trae velocity. 68 76 78 87 100 103 106 109 11 

*^This, I understand, was after it had been supplied with 
** than it originally possessed/' 

In this connexion it should be noticed that an air meter' 
in two very distinct ways : first it may be freely exposed to a! 
air that is quite unconfinedj or limited only by a large air gri 
this case, the presence of the met^^r offers no appreciable obst 
the general flow of air through the grating, of which it onlj 
small part, and what the air meter is intended to record is not I 
air actually parsing through the ring of the meter, but what 



through the corresponding space if it were not obstructed by the meter 
Hence the appropriate correction to the dial readings should compenmte 
for the obstruction which the meter offers to the How of air througli it« 
own ring^ The second way of using the instrument is to place it within a 
tube of the same aiva approximately as the ring of the meter, and in this 
case the meter offers a resistance to the flow of air through the tube* 
and seriously affects the fiow^ in ctmsequence of the fact that the rln^ 
and the boss of the wbirler occupy an appreciable portion of the area uf 
the tube through which the air flows. Hence corrections based upon 
measurements on a whirler and suitable for the first method of using a 
meter are not by any means suitable for the instrument used in the 
second manner- 

The difference in the numbers obtained with an air meter, according 
as it is used in the one manner or the other, may be illustrated bv the 
numbers in Table 11 L exhibiting the results obtained, probably by Mr. 
Dines at Hersham in 1888. In these experiments the run of a whirling 
machine is compared viuth the readings of the anemometer carried on the 
whirler, corrected first by the corrections sjiecially drawn up from tile 
ex|f>eriments with tubes and gasholders (column 12 of the table), and 
secondly, with the maker's corrections (column 13), It will be noticed 
that the smaller air meters give readings agreeing with that of the wlnrtcr 
within 10 per cent, at the most where the maker's corrections are taken, 
and 18 per cent, is the smallest difference when the curves constructed 
for air meters in tubes are used to interpret the readings* 

The Cowl Committee used the meters after the second methoti, iiiu] 
rightly thought it desimble to carry out special tests of the Air Meters for 
their investigations. They based their tests upon tlie records of the Air 
ileters placed in tubes along which known volumes of air were passed 
from, or into, gi^aduated gas-holders. 

From experiments of this description a diagram of curves, known as the 
*' Standard Ciir%'es" (which is reproduced in Diagram J^ page 2B5j was 
constructed for the smaller Air Meters, and another corresponding 
Diagram 6 (reproduced on page 236), for the larger ones. On these 
curves the base was *' Register feet per minute/' that is, the number of 
feet run recorded on the dial of the instrument; and the vertical wajs 
"Actual velocity feet per minute through inside ring of Air Meter/* By 
tlieir means the readings of any one of the Air Meters can be reduced to 
actual velocity of air through the ring of the Air Meter> aud then by 
calculation to actual % elocity along the tubes. These curves f6pf^€nt the 
results of a very large number of experiments which may be groapei iS 
follows : — 

VOL. XXn. PABT HI. ^ 



00 
00 

00 



a 

w 
t 

00 

f^ 

(D 
(D 



234 



Si 



3^ 



15 

I » 

V Ph 

•IS, 

■oft* 

5" 



Oi 'C E3 bJ 









li 



?P 






-i ^ ll : : oudbM : : 



o 

I 



•0) 

1—4 






B« 









» * .oo* 



■ ■ ■ * It 



Xq loamiuiiiui | 



■^ Q ffi : I s^- "^ 3 : : c * 












t* t-* 4- Q& i; 



Q C^ ro Tl ir, C> i 

gi t— ?c O -^ cz f 



|»HJA*n V99A 






tnnpTllOAa'li 



* 5D l- -^ -H 
tClp l- t* tc 






CT ^ PS oO J^ 



i^S l5 td Iq id c 

*^ tc tf: w tc ^ ■• 
ic ^ iQ 35 1£; © 



f PCV lUOJJ ,j 



-g],nii]r[it jai 



i 



x"c<S 



oooo r 

od QC X X at 



g£ ;s 5i ^ Gs gj 






p 



^ O Tl C^l X 

* 5c t- £ ?5 



03t gc ^ ^ -r 

TT -^ O -^ 3* 0-^ 

^ * ^ ^Pi ^ 



(^ i-H i5 * t- ^ ^ at — H * &3 



tii&ja|it] 









OOTIOO c^o^^jo-s o. 



1 1 1 I I I I I I I I 

iit lei tD ^ t- ir: 40 es ^r t- ls 



i 



o 
m 

5 






fea 
o 



f < 



= -^^ 






^ I 



c ^ o 

tfi ffi on A 



as CO 






aj 
S 



CO 

£0 



W 235 


■ 
































WMm^.M/A- 


i 

i 


* to 

. E 

1 2 

i ^ 

! ■ 




V 






























V 


\ 


























V-!. 'i 




Js,' 




1 
























t 


h 


K^ 
























V 


^ 


- 




N 




V 


si 




























\ 


8\r 


v.fe. 


D 
























\'^ 


^ f\. 


i 
























> 


r- iV 


^ 


















\ 








f> 


r\ 


k 


9 






















\ 


w 


\ 


























V 


V 


\ 














LqJ 










i 


^1 




^ "" 


h 


1 






















\ 


\ 


\^ 


\ 

\ 


\ 












«^ 
















K 


\ 






k 


s 




















"^9 


V 


\ 




F> 


s. 






















4 


N 


v^ 


^ 
v' 


N 
























* 


\ 




!> 


h 


1 








u 


























\ 


\ 


1 T 


v 


































1 


1 

X 







V 


\ 
















" 


















\ 


> 




r- 


K 


i 
































s 




N 


\ 


N, 












S. 






















n 


\ 


\ 


K 




L . 
































i 


1 




\f^^ 










l-g .g ^ ,s S a » 1. - ± 1 






1 


\ 


\ 


\ ^ 
^ \ 


\ 














\ 


\ 


j"^? 


^i\8 
















\ 


\' 


vFo 


v^ 














i 






A 


















T 


Tfv 


















\; 


mN^ 


s, 
















s 


J\\ 




















>\f 


^v'n 


















\'' 




\ 
















\ 


s\\ 


> 


















k % 


ri 


















ni>n ^> 


Jurg 




m 


m 























^^^^^236 ^^^^^^^^^^^^^^ 


1 


^H 


'\ 


V. 




































^^m 


nN 


\ 






































\ 


\\ 




































^i 


^1 


N^ 


V 


► 


































-i 





f.% 


\ 








































!\ 




































1 






\ 


























j 














\l 


\ 






























■ 








V 


M 


\ 




































\ 


> 




i_ 




































\ 


\ 


\ 
























■ 












%* 


'^ 


N^ 


\l 


































S 


— ^ 


\^ 


— N 


K 


































% 


,^ 




\. 


















^ 
















■\ 


\* 




\ 


















^ 
















i 


% 


X 


\ 


X 














Diagram 6. 

""* 1 1 1 1 1 rn 














~ 






i 


i.^ 


X 


\« 


\ 
































\ 


^ 


V 


^'^ 


L 
































\ 


V 


N 


\ 


































k 


^ 




































\ 


^ 






\ 
































N 


J 




^ 


V 














' 


















\ 




v^ 


> 


































^ 


\ 




\ 


^1 ^ 


«j*«5flSofl--r- -epft^ja js vtj, ^ 












S-* 


^vS 


\5\^ 


■ 1 ^mB H'isii'i 

■ l«^r|i!|-r^l1o|iiM<ii1 

■ 1 rilli£ll%'|xS'^l1l& 












^^ 


i. 


\\ 














\ 


















8 s^ 










































































































^^B ^ 




■ 


■ 


■ 


■ 


■ 


■ 


■ 


■ 


■ 


■ 





Repoet on Cowls akd Tebmikau. 



237 



(1) For £'T'inch Meiers,— In 1884 experiments wert made at Mr. 
FieUrs office id Cannon Row with a gasholder of U cubic feet cajiacity, 
by drawing in and expelling air throngh the smaller Air Meters fixed 
in a tube coromunicating with the holder. Experiments in which air 
was drawn in are referred to hereafter as '* Draw in*' experimental and 
thoee in which air was expelled as "Blow ont" experiments. In the case 
of the smaller air meters, only the '* Draw in " experiments were used for 

constructing the curve representetl on Dia- 
gram 5, p_ 235. 

(2) For CJ-inch Mettrg.— In 1880-81 ex- 
perimenta were made at Ktng^s Cross Gas 
Works with a gas holder of 120 cubic feet 
capacity* by drawing in and expelling atr 
through the larger (6*1 -inch) air meters fixed 

firi in a tube communicatifig with the holder* In 

tT mtw^^—r^ this case both *'Draw in" and "Blow out" 

exj>eriments were made use of for constructing 
the curve (Diagram <>j. 

In 1884 spficial temperature exjierimentA 
were made at Cannon Row by drawing in air 
through the larger air meters attached by 
means of a converging tube to the outlet of 
the small holder, 

(3) To obtain indirectly aeeurate curves for 
the 6'J-inch meteri. — In 1886-87 experimeiita 
for comparing the readings of the larger and 
smaller air meters were made at a Hut in the 
Old Deer Park, Richmond, by observing the 
effect produced upon the registering dial by 
the natural wind blowing over the open end 

_ of a tube in which tlie smaller air meter was 

fixed above the larger one. The passage of 

the air from the aperture below was directed 

to the smaller aperture above by means of a 

Diagram 7, converging tube. The superposition of the 

smaller air meter is shown on Diagram 7. 

Many other experiments were made for the purpose of testing the 

smaller meters at Messrs. Sugg^s Works io 1879-80, and 1881^2, but as 

the results obtained from them were not used for the final curves, they 

will be referred to in what follows as preliminaiy experiments* 
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Preparation of Standard Curves for Converting 
Run into Actual Velocity, 2*7-inch Air Me: 
The 2 '7- inch Air Meters, used for the Cowl experiments 
in 1878 from Mr. Lowne, anemometer maker. They were i 
the following manner (see Diagram 8, facing page 240) : — The 
on jewelled centre midway in a brass tube 2*7 inches in diamel 
in length. This fan had 8 metal blades, the inner parts of 
lapped the centre boss to the extent of ^V <>f an inch. The 
fixed in position by three brass stays .^(^ of an inch wide. T 
the fans was conveyed to the dial by means of the mechanism i 
box, which was supported by a tube 2*7-inch diameter, encas 
necting rod. The mechanism in the box consisted of the vertic 
fans, the upper portion of which was an endless screw, which 
its motion to a cog-wheel on the horizontal connecting ban 
disconnected the worm-wlieel from the spiral on the axis an 
worm-wheel in or out of gear. 

A number of measurements were taken, probably in 1889, 
the run of the vanes of the meters compared with the linear 
the dial. From these experiments it appears that the recordt 
would correspond to the run of a point intermediate between t 
a vane and its outer extremity. The particulars of the diffc 
are as follows : — 



No. of Meter. 



DUmetor of ring encluBing Diameter of circle which 
fan- wheel. j gives recorded linear run. 




The diameter of the fan between the centres of opposi 
1-85 inches. 

Preliminaiy Expenmentu, — A long series of preliminary < 
on the 2 •7-inch meters were made at Messrs. Sugg's Worl 
Street, Westminster, in 1871)-80, by blowing out a known qua 
from a 10 ft. experimental gas-holder through a 3-inch tube, 
of which the Air Meter was fixed, and then calculating the 
air transmitted through the meter, and comparing this with the 
product of the velocity registered by the instrument and the < 
the tube. The gasholder was adjusted by weights over a wh 
a regular flow of air could be expelled. To the outlet pipe 
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three stopcocks^ two above and one below. A pipe, two inches in cliaineter, 
was fixe<l to the outlet at the lower stopcock, bent into a vertical pisitioii 
ami then carried horizontally aloag for a &bort diBtanee, when it was 
attached by a cone i» inches in length to a horlieontal tube 2f iiichfs in 
diameter. The Air Meter to be tjeated was fij^eJ ta this horizontal tube, 
and at the expiration of eaeb Diimite or half minute (the usual duration 
of tiiese exijeriments) the dial reading was noted* Curtains were hung 
on two sides of the holder to keep away draughts. A sketch of th** 
gashohler and connections is given in the illustration of the candle flame 
experiments (Diagram 29, p* 292). 

In earning out these first eiperiments it was Hi'st a^umcd that the 
usnal mode of correction with the numbers supplied by tlie maker!; was 
substantially right, but ihh asstnnption gave erroneous R^sult^ for air 
meters fixed in tubes (sec p. 2M), The velocity was then treated an 
referring to the whole area of the guanl-ring of the instrument, when it 
was found that the instrument registered more instead of less ttruj thp 
results thus obtained, and the correction varied enormously with different 
Telocitiea instead of being constant. On the other hand, it was found that 
if the clear annular space of the meter (deilucting the centre boss ami 
other obstruction.^) was used for calculating the velocity ^ sometliing more 
nearly approaching the maker s results could be obtained. In these first 
experiments, therefore^ the velocities %irere calculated by taking the clear 
annular space of the meter, giving 34"7 lineal feet for I cubic fi*ot, and 
the results were reduced by taking the difference between the calculated 
(gas-holder) velocity and the calculation?! from the register of the air 
meter in feet per minute* Subseipicntly, however^ retbictious were made 
in which no deductiiJU was made for tlie boss, but the full area wan used 
gi%*ing 25-15 lineal feet for 1 cubic foot. The restdts of these experiments 
were plotted on the following curves, (Diagnuns % 10. 11, and l:f, pp» 
240 to 2430 

These curves show very considerable irregularities, and ultimately, a£ 
will be seen, the results were not used in compiling the final curves, bat 
without further investigating the causes of the irregularities the Committc** 
proceeded in 1880-1881 to make experiments upon the larger meters with 
a large gasholder at King's Cross Gas Works, These gave even more 
utisatisfactory results than the experiments with the smaller meters, and 
the Committee had to report that the use of the larger meters should be 
abandoned, and that for the smaller meters sufficiently accurate results 
could not be obtained without further investigation of their action. 
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Accordingly, experiments at Messrs, Sugg's Works were taken up 
apatn in 1881-2^ from wliidi it became apparent that irregtilarities sioiilar 
to those which appeared in the results could be accounted for by the 
effect of dmught, differences of temperature, and other small disturbing 
causes, of which no account had been taken in the original ex peri mem. 
In order to have the conditions of the experiments more directly under 
control, a special arrangement was set up in Mr, Field s office in Cannon 
Row in 1884^ where, under conditions for niiiform testing vnih "^rfmw in " 

Cur^ plotlid in 1893 from *'Steip Out** experiments at Su^^'s Works^ 
18T9-80, on 2*7-tH. Air Meterg, Each dot rei*resents mi average of abmit 
3 e.rperimentM, 

Meter No. 446, 
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Diagram 9. 
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Curve ploUed in 1893 from ^^ Blow Out'' ex^perimenis at Suggs Worh^ 
1879-80, on 2'7~in* Air Meters. Each dot represents an average of about 
3 ej^periments, 
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Diagram 10* 

experiments^ a consistent reading of 292*1 on the meter for 9 cubic feet 
of the gasholder, or 226*8 lineal feet through the full orifice of the ring 
of tbe meter was obtained. This result which is called the '* standard 
draw in register '* for Meter No, 446, wan used as a basis in discussing the 
second series of experiments at Messrs. Sugg*s Works (1881—2), as well 
as those at Cannon Row (1884), The two maj almost be regarded as 
one series. There was, however, as a matter of fact^ a considerable 
iiitcr\^al of time between them. The contributions to the final results of 
the two sets of experiments are indicated in w^liat follows. 

The e.\periments at Messrs. Sugg's Works in 1881-82 supplied a 
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number of measuremeot^ under very varied conditions. They included 
a few *'blow out" as well as a large number af "draw in** experimentSj and 
also experiments when the tube was covered with a cap, or otherwiae 
paiiially blocked by some special contrivance. Using the '^stattdanl 
draw in register" subsequently determined as the basis of comparison, 
the res^ults obtained may be described as follows* 

In the case of experiments under ordinary conditions the average 
register of 242 experiments was 0*7 per cent, above the standard, whepe-ai 
the average register of 279 experiments under special conditions (snch as 
blowini^ acmss the mouth of the tube with bellows, placing a cap in 

Curve plotted in 1603 from '* Blow Out " expemnenis at Suffif^g IlVrfcf, 
1879-80, on 2*7'tu. Air Mt'ters^ Each dot repraents an averaffe of otHmi 
^ e^Tperimenttt, 

^rETKE No. 619. 
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Curve plotted in 1893 /rom ^ Blow Out** exptrimentM at Suf^*t Worh^ 
1879-80, an 2*1 -in. Air Meters. Each dal rfpremnte an averu^ of uhQut 
3 e^perimmtB. 
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Diagram 12. 

front, &c,), was as uiach as 2 '2 jier cent* above the standard. Experi- 
ments wem matlt' to sliow the effect of blowing on rirgistration in the 
ease of ^'Draw In*' experiments and of ''Blow Out" ext»enment5, i^ cubic 
feet itf air (= 22i^'S lineal feet tliroufjli the tuhe) bein^ drawn into 
or blown out of the holder iJi eacli ex]K?rinicnt. The results of the 
eatperiraents* were averaged^ and majcimum and minimtiin re^jist rations 
tjibukted. These showed that in the case of ** Draw In " e^t peri men Is the 



* Tbia refers to ezperime&fi at Siigg*d Work*, l^:-2, Uie detaik of wblch are pr^erred, 
but are not uied la tbe Aaal rwulH. 



//. — Correctimis for Air 3Iet0rs\ 

percentage range was 5'8 without blowing and 7*1 with blowing, wheiHs in 
the case of "Blow Out" experimenta the range of difference without blow- 
ing %vas 2*4 and witli blowing only 2*2, Further, a series of *' Draw In'* 
eK]>erinients was made to ascertain the effect of placing a loose cap 7| inch 
diameter over the end of the 4-inch deliver}' tube (1) when the entrance to 
the C4tp w^as left free, but the cap moved so as to place the tube in different i 
positions in the cap^ and (2) when the entrance to the cap was partiallv 
blocked in different ways, and the cap moved so as to place the tube in 
different positions with regard to it. In these experiments 9 cubic feet 
( = 22G*8 lineal feet) of air w*ere drawn into the holder, and tubes either 
4 inches or 13 inches in length were adjusted in front of the air meter, lo 
the ease of 4 -inch tubes^ the register of the air meter varied bj the range of 
12*3 per cent* when cap was not blocked, and by 16'4 per cent, when cap 
was blocked ; in the caae of 13-inch tubes in front, tlie range was 10 per 
cent, when the cap w*a§ not blocked, and 2 1 '9 per cent, wdien blocked* Some 
experiments were also tried to ascertain the effect of caps concentric 
and co-axial with the tube. These exj)eriments showed that caps such as 
those used did not prevent the influence of draught, and did not make the 
readings of the air meters regular- 
Experiments were also tried with fanning so as to produce artificial 
draught*? in front of the instrument, also with pai>er tubes turned at 
different angles so as to direct the air in different directions into the 
meter, but no conclusive results were obtained in this way. 

In order to ascertain whether the irrcirularities in the results of the 
esrperiments at Messrs. Sugg's Works were due to the defects in the 
air-meters, or to defects in the method of testing them, an experimental 
gasholder was specially fixed in one of Mr, Rogers Field's rooms at 
5j Cannon Row, Westminster, in April 1884. The apparatus and 
arrangiements were thus much more under control, especially as to 
draughts and as to heating up and cooling down the air in the room and 
the water in the bolder, so that more careful experiments could be triad 
than was possible in the large workshop at Messrs, Sugg's Works. 

The gasholder for the tests at Cannon Row, which was 1 1 cubic feet 
in capacity, was made by Messrs, Parkinson of Westminster, and consisted 
of a cast iron tank containing water* and a holder which moved vertically 
up and down on supporting columns. To ensure regularity of movement 
the holder was fitted with a cyctoidal lever carrying a weight. A 2-inch 
pipe communicated with the holder and had a stopcock. From here a 
zinc coning piece^ 3 feet long, M'as attached to a short brass tube fitting on 
to the 2"7-inch diameter ring of the air meten In order to admit the air 
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to the imtrQment equably and without draught, a box 1 foot 3 inches square 
and 2 feet t3 inches long with fine gaii2e screen on the open end was fitted 
arouud the second small brass tube fixed to the side of the instrument 
farthest from the holder. The box and instrument were supported on a 
wooden table, and a curtain placed over the box. The gauze on the end 
of the box was 1 1 inches away from the walL Displacement of the water 
by immersion of the holder was allowed for in the rating of the holder, 
if., the drawing of the scale so that 9 cubic feet exactly was drawn in in 
the ^*Drsw In" experiments, and 9 cubic feet exactly was blown out in 
the ** Blow Out " experiments. 

After preliminary trials regular '* Draw In *' experimanti at Ciinnon 
Row began In June, HS84, and were made under uniform conditions, with 
the four 3-inch air meters (2*7 in, internal diameter), in order to plot a 
curve for converting register in feet per minute into actual velocity 
thrcmgh the ring of the air meter. 

To avoid draughts the boat with gau^e side fixed on the end of the 
tube was used. In order to correct tlie register of the air meters for 
alight differences of temperature special experiments were made ou 
June 6th and 7th, 1884, with Air Meter No. 446, by artificially heating 
the room and cooling the water in the gasholder, or vice versa. In this 
way differences of temperature auiouuting to 24'4^ were obtained between 
the water and the room. When the room was hatter than the water, it 
was found that the repstration both for ** Draw In *' and ** Blow Out " 
experiments was greater than when the room was at the some temperature 
as the water. The amount of the difference in the registration was less in 
the "Blow Out" experiments than in the '^Draw In"; the following 
table is given as an example, for the same volume of air; — 



tVmiWrminr# Of 
Uiat of Watw, 


T«mptr»iiii« of 
Ueter B^uUnf^ Bourn «boT« 


H st«r B«MUQf • 


t>llT«r«i£«. 


•^Brnwln*' 
Exp^iiment^* 

•BlowOttt*^ 
_ Experimeata, 

1 •• 


2874 


15" 
15* 


3014 
3Q2f 


140 
7a 



The ^lifference in the readings also depended on the rate of flow of air 
into the holder, being greater when the speed was slow, and less when 
the speed was rapid. Tlius when the 9 cubic feet passed in about half a 
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miimte, the registration TarieJ from 298*0 feet to 303'6 
when U cubic feet passed in about one minntej the registratio 
304 feet to 2H7'2 feet (16*8 feet), and when in about two 
registration varied from 298 feet to 206 feet (32*0 feet)* 

The explanation of the effect caused by the difference 
temperature of tlie room and that of the water was clearly as f 
the room was wanner than the wat^r, the air drawn into it 
cooled and occupied less space, so that more than U cubic fee 
the air meter in order to fill the holder, eonsequentlj the reg 
more. On the other hand, when the room w^as colder than the 
holder^ the air drawn into the holder was warmed and occupied 
so that less than 9 cubic feet had to pass through the air m« 
to fill the gas-holder, consequently the registration was less.* 

The same explanation also applied to the ** Blow out" i 
the only difference being that in these the change of temper 
air whicli affected the registration could only take place wl 
passed through the pipe between the holder and the air metep 
the " Draw in " experiments the change could take place after 
passed through the pipe and was resting in the holder in conta 
water* Consequently the air in the '* Blow out '* experimeQ 
opportunity of changing temperature than in the ^' Draw in" @j 
and thei-efore did not change so much, and the effect on the i 
was not so great. The different period of time available for aj 
in the temperature explains why the effect produced on the t 
greater in the slow than in the quick speed of the holder. Ia( 
** Draw^ in " experiments, when the speed of the holder was s| 
seconds to rise), the difference iti registration, due to the rooni 
warmer than the water in the holder, was about 3 per cent., ami 
speed of the holder was considerably more (four times as raucj 
rise of holder in 30 seconds, the difference of registration wasj 
H per cent. 

In the actual experiments from winch the corrections for 
air meters were obtained, tlie difference of temperature neve^ 
3 J- degrees, and w-as generally considerably leas. The difference 
tration, due to 3 J degrees, was only i per cenL, and this was 
in the reductions. 



• The tbeorelicnl correct jon correspond in jj to n cbangc of 10 ptT cenf. I 
pcnituie between llie meter and llie gasht/lder, would be about 2 per cent.— [^ 
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In the case of *^ Blow out " experiments when the speed of the holder 
was slowest (120 seconds to sink), the difference in registration, due to the 
room being 15 degrees warmer than the water, was less than two per cent 
or two-thirds of that in the case of the " Draw in " experiments. 

When the speed was faster, viz., a discharge of the holder in 60 
seconds, the difference of registration was 1^ per cent., or half that in the 
case of the " Draw in " experiments. In the actual ** Blow out " experi- 
ments the difference of temperature was never more than 4 J degrees, and 
generally much less. The difference in registration due to 4^ degrees 
is J per cent. 

The results of the special series of experiments made on 6th and 7th 
June, 1884, with air meter No. 446 were plotted on a cun-e, from which 
was prepared Table IV., showing the multiplier with which to correct the 
register for differences of temperature of room and water. 



Table IV.— Draw In Experiments at Cannon Eow 

in 1884. 

2-7-in. Meteb No. 446. 

Table of Corrections for Differences between the I'en^peratures of Room 

and Gas Holder, 



9 Cubic Feet of Air drawn into Gas-holder in 60 Seconds. 
From Curve of Experiments on 6th ^ 7th June, 1884, 



Boom 

•diflera from 

Water. 



Begiiter 
AS p«r 
Cunre. 



lUtio 

of 

B«glstfln. 



Hnltiplter 

to eon act 

R«Ciit«r for 

Dflleranoeof 

Tampecmtnre 

in Col. 1. 



Bocm B«fflater lUtio 

differ* from u per of 

W&tar. Carre. Befi«t«n. 



MoltipUer 

to correct 

Register for 

I Difference cf 

iTempermtoce 

in Col. 1. 



lOO 


287-00 


-985 


9° 


287-35 


•9^6 


8° 


287 75 


•988 


7° 


28S10 


•989 


6° 


288-5D 


•990 


.'>o 


28S-95 


•992 


4*' 


289 35 


•993 


3° 


2^9•80 


•995 


2o 


290-25 


•9*.»7 


!*» 


290-85 


•99>» 





291-20 


1^000 



1-015 
1*014 
1-012 
1-011 
1-010 
1-008 
1-007 
1-005 
1003 
1001 
1^000 



4- r 

■f 2° 

4- 3° 

■f 4« 

4- 5° 

4- «° 

4- 7° 

4- 8° 

+ 9° 

4- 10° 



291-70 
292-20 
292-70 
•293-25 
•293-80 
29440 
2^5-00 
29:»-70 
296-35 
297-10 



1002 i 

1-003 

1-005 

1-007 

1-0U9 

1-011 

1013 

IM»i:» 

1-U17 

1-0-20 



-998 
•997 
•995 
•993 
•991 
•9?»9 
•987 

•9a*» 

-.»83 
-980 



The results of the "Draw in" experiments at Cannon Row, upwards of 
500 in number, were entered in Table V., p. 248. 



Keport on Cowls and Terminals. 



249 



In illustration of the data from which this table is compiled one 
example has been selected at random, from Summary Table No. 3, which 
is not printed. 



I lUcUtT. ! AT.r.g^ I ^^^' Tlmejn Ar.«ge 



Tempenttores. 



Boom, i ATerafe. . Wat«r. | Arermce. 



I Boom 
diff«r« from 
Water. 



278 
278 
278 
279 
282 



279 

279 I 

279 ' 
281 i 

280 i 



278 
279 
278 
279 

278 

279 

278 
280 
281 
280 



-279-0 



-279-6 



-,—278-4 



-27915 . —9 
279-1 



9 


120 




62 


9 


120 




62 


9 


121 




62 


9 


120 




62 


9 


119 




62 


-9 




—120-0 


— 


9 


120 




62 


9 


120 




62 


9 


119 




62 


9 


12U 




62 


9 


120 




62 


-9 




-120-1 





9 


121 




62 


9 


121 




62 


9 


120 




62 


9 


121 




62 


9 


122 




62 


9 




—1210 





9 


123 




62 


9 


lis 




62 


9 


120 




62 


9 


120 




62 


9 


120 




62 


9 
9 




^9f)'9 






120-6 





-—620° 



—62-00 



-;— 62-0* 



-62-0« 
62-0° 



59A 
59| 
69^ 
59i 
59} 

59| 
59l 
59i 
59i 
69) 



60 
60 
60 
60 
60 

a 

60 
60 
60 
60 
60 



— 69-5« 



-69-6* 



—60.00 



— 60-00 
69-80 



+ 2-J0 



2 6« 



+ 2^- 



4- 2-0" 



+ 2-20 



From col. 7 and col. 14 of Table V. curves for each of the 2*7 inch 
air meters were plotted, entitled "Standard Revised Curves, March 1st, 
1894, from experiments made at Cannon Row in the same month, and 
under uniform conditions, on 2*7 inch Air Meters." These curves (see 
p. 235) were used in carrying out the reduction of the dial readings of 
the 2-7 inch Air Meters used for the experiments upon Open Pipes, 
Cowls and Terminals at the Old Deer Park. 

An examination of these curves was made in July, 1899, in order to 
compare the corrections to the dial readings for the several instruments 
at different speeds, and a diagram exhibiting these differences was prepared. 
The corrections for Nos. 611, 619, 620, go vexy closely together from -h 20, 
the difference applicable to a dial registration of 20 ft. per minute, to 
— 160 at a dial registration of 625 feet per minute and the curve turns 
slightly away from the vertical axis, or axis of correction values. 
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6-in. Current Meter. 

Tofted at Kimjs Cross ; used at Statje and Hut. 




eji 




Diagram 13. 
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Preparation of Standard Curved* fob Cosveutixo RKOBXEEEn 
Run into Actual Velocity. 6*1-incii Am ilcTERS, 

The tl*l inch air meters used for the cciwl experiments were benight 
in October, IH79, from XLr. Lowne^ anemometer maker* The Committee 
detjerminecl to use an improved form of air meter, and accordingly a 
dcsixjii was prepared for an instrument as shown on Diagram 13* 'Ihe 
chief consideration in the nevv design was to ha%X' a very small obntruetion 
in the centre boss (the osual form of air meter had a large obstruction 
in the centre); the next jK»int of importance was to have the supporting 
bars to offer the minimum resistance ; and generally to make the instni- 
ment as simple as fxjssible. 

The construction of the instrument will I>e seen fn*uj the Diagram; 
there is a brass ring at the centre carrjnng vulcanite vanes and having m 
dial at tlie top for readings. The vanes are supported by the chamfered 
bars and communicate with the counting gear by a spindle ninmng along 
the upper half of the bar. The small box in the centre eontajns ihe 
bevel wheel gearing to connect with the registering dial* The dial ia 
made to register in feet linear, and a correction ia supplied by the maker 
from experiments made on a whirling machine. 

In order to plot curves for converting the register into actual velocity 
througli the ring of the air meter three series of experiments were made^ 
visg,, experiments at King's Cross Gas Works^ 1880-1881, at Cannon Row, 
1884, and at the Hut in the Old Deer Park, 188IV1887, rei^pectively. 

Eatp^menU at fGng*g Cross (Ja^ Woribt, 

In order to carry out the work of testing the G*inch meters in a 
similar manner to that used for the 2'7-inch air meter testa, it was 
found necessary to have a much larger experimental '* holder '* than tlie 
1(J cubic feet holder which had been used at Messrs. Sugg's Works (see 
p, 292 }^ and |}ermission was obtained through Mn John Clark, Engineer 
at the King's Cnjss St^itlon of the Gas Light and Coke Company* ti* 
make use of their 120 cubic feet experimental holder. Although thi^ 
holder was not an ideal one for the purjXJse, the Committee, after making 
some additions to it, were able to use it^ 

This gas hokler is shown upon Diagram 14, p. 25 tj and consists esaentially 
tjf a circular cast-iron tank 6 feet ii| inches in diameter, having a central 
core of the size shown^ leaving an annular space of 8 inches to bo filled 
witli water. This annular space receives the wrought-iron holder, 6 feet 
1 inch in diameter, 4 feet 6 inches lugh, with a domed top. The holder 
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King's Cross Gas Holder. 




ELEVATION. 

Diagram 14. 
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PLAN. 



Diagram 14. 



is supported in the usual manner by cast-iron columns, a cross girder 
carrying grooved pulley wheels axially with the columns. Chains fur- 
nished with counter weights pass over the pulleys mentioned and are 
attached to the holder. 

The outlet and inlet pipes, as shown in the section, are 2^ inches in 
diameter; however, instead of using these in the experiments, a 6-inch 
zinc tube of the form shown was carefully fitted at the central manhole 
cover, which was 6 inches in diameter. The Air Meter to be tested was 
fitted in the horizontal zinc tube on the top of the gas-holder. The gas- 
holder was provided with a scale and pointer as shown in the diagram, the 
scale being graduated in cubic feet and decimals of a cubic foot. 

For the purpose of making accurate experiments, it was necessary that 
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till* gas-holder should move up or down equal spaces 
this motion, in the case of the smal! liohler at Messrs. Sug 
effected by a cycloidal lever* For the larger holder under 
the Committee adopted the suggestion to pro%ade an annuls 
around the dome of the holder as shown* This trough 
with water through a graduated stop-cock attached by a AH 
a tank in the upper part of the room, an*! had a large wasC 
plug to empty the trough quickly ^ the water going dir 
iron tank/ 

The action of this water-trough was as follows: — -'^ 
was raised and the weights pi'oj>erly adjusted for an exper 
iron holder gradually entered the water-tank it lost weigh t, 
had to be compensated for by the addition of a regular 
into the annular trouglu It was found after a little pi-ac 
holder could be made to run upw^ards or downwards througl 
in equal times with a fair amount of accuracy, and many 
experiments were conducted in this manner for the purpose 
instruments. 

Two classes of experiments were conducted — ^first^ expe 
in which case the holder moved downwards; secondly, dn 
the holder in this case being counterfjoised to rise* 

The 6'1-iDch air meter to be tested was fixed at the enc 
tube on the gas holder, and was started and stopped hiU 
operator with a stop-clock. " 

After some exiiorience it was thought that an auto 
of putting the instrument in and out of gear should he 
give greater accuracy and a special apparatus was fitted 
purpose and this was aftei-wards continuously used, F- 
vclocities furtlter means were employed t« ensure the hold 
through equal spaces in equal times, and this motion was 
small crab winch attached to one of the chains of the hoU 
^ase separate readings for time and spaces travelled were 
independent operatorj so that great regularity was maintains 
experiments. 

Upwards of 1,500 experiments* were tried with the aj 
described, by drawing in (5^7 cvperiments) or blowing on^ 
periments) 90 cubic feet of air from the gas-holder throa 



•The eiperimente ftt Eiag'a Cross were largely carried out by Mr. ] 
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tube, on tilt? end of which the Trl-inch air meter was fixed. The vela- 
city at which the air passed thmngh the meter was calcuktcfl tmd 
compared with the velocity registered by the lastniQient. 

The experiments wei^e abstracted in a tabular fonn and were classiHtMl 

according to whether they were '* Draw In " or *^ Blow out,** and according 

to the air meter nsed, The ahstmct sheets formed sijc sets (viz., a ** Draw 

I In*' and a **Blow Out'' set for each of the three air-meters), and for 

^ convenience were called " Kings's Cross Gas Works Details.*' 

By jilotting various preliminary curves from these detaik it was fouml 

that there were great differences in the results, according to whether the 

air was drawn into or blown out of the gas holder. Subset^nently it was 

I ascertained that these differences could be largely reduced by fixing n 

lube on the side of the air meter furthest from the gas holder* 

The Committee concluded that the " Blow Out" experiments at lowt r 
irelocities were so irregular as to be quite unreliable. This might liavt* 
l>een caused quite as much by the arrangement of the short curved tulie 
leading air to the instrnmeut as by the cross cnrreuts* The " Blow Out " 

^rimeuts at high velocities were rather more regidar hut still iitjt 

sfactorv- 

The **Draw In" experiments without an added tube gave higher 
velocities than those with the tube, and also higher than the ** Blow Out *' 
experiments, and were considered useless for arriving at the cause of the 
difference* 

The " Draw In '* experimenta with tubes % inch and 12 inch in length 
were irregular at low velocitie$i though rather less irregular than the 
** Blow Out " experiments, and the results were consequently doubtful. 
The **Draw In" experiments at high velocities were fairly regular, ami 
were considered reliabla 

The Kings Cross Gas Works experiments therefore gave u trust- 
worthy correction for high velocities, but not for low velocities. The 
Committee accordingly came to the conclusion that for low velocitieii 
results must be obtained from other experiments. To throw light ujion 
the differences between the " Draw In '* and the '* Blow Out " experi- 
ments upon tj' 1-inch air meters^ a s|)ecial comparison was made of the 
results of the 2*T-inch air meter experiments, vi/,., a comparison of *' Blow 
Out'* experiments at Sugg's Works and at Cannon Kow, mthoul box 
and gaujse, with the standard "Draw In" experiments (see p, 245) at 
Cannon Eow with box and gauze. 

Tables were prepared embodying the followinti comparisons of the 
results for 2'7'inch meters : — 
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{a) " Blow Out " experiments carried out at Sugg 
1879-80, compared with the standard " Draw In ' 
at Cannon Row in 1884. 

(b) *' Blow Out " experiments carried out at Sugg 

1881-1882, compared with the standard " Draw 
ments tried at Cannon Row in 1884. 

(c) " Blow Out " experiments at Cannon Row compa 

standard '' Draw In *' experiments at the same pli 
tried in 1884. 
{d) A general summary of the whole of the preceding 
To these tables an addendum was prepared in 1898, wl 
explanation of a revision of the figures. 

The general conclusions drawn from the tables referred 

(1) That the registration of the air meters in the case of * 
experiments was always in round numbers from 2 to 4 per cei 
the standard registration of " Draw In " experiments with bo: 

(2) That there was no evidence that the amount of thi 
difference between the registration of the " Blow Out " and 
" Draw In " experiments either increased or decreased witli th 

(3) That if rather greater weight was given to the Cannon 
ments than to the experiments at Messrs. Sugg's Worka, tl 
between the registration of the " Blow Out " and that of the 
experiments might fairly be taken at 3 per cent, for all vn 

The revision explained in the addendum mentioned abon 
the adoption of this 3 per cent, average difference. 

The experiments carried out at King's Cross Gas Works n 
air meters were then dealt with in the following way:- 
" Details " the interval in seconds and the register of the ai 
each separate experiment were entered upon a table (called ** I 
Results ") averaged in blocks, generally of about 19 exper 
classified according to whether they were " Blow Out " or 
experiments. 

From the average of the groups of results for each air o 
VL, VII., & VIIL, were formed, from which the Standard i 
plotted. In these tables the " Register per minute " of the ai 
the "Actual velocity per minute" for 90 cubic feet of air 
blown out of the holder were calculated. In these tables the 
average difference alluded to above was deducted from the ** 
experiments. The results are denoted by O on the Diagram, ] 
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Table VI.— King's Cross Gas ^Works, 1880—1881. 

Averages from ** Summary of Results " prepared in 1894* 

M£T£B No. 671. 

Amount of air Drawn in and Blown out of hold6r=90 cubic ft. =444 lineal ft. through inside 

of ring of ftir meter, 6*1 -in. dinmeter. Tube C'l.^-in. diameter on each side of air meter. 
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Table Vm.— King's Cross Gas ^Works, 1880—1881. 

A verages from " Summary of Results f' prepared in 1894. 

Mjsteb No. 674. 

Amount of air Drawn in or Blown Out of holder = 90 cubic feet = 444 lineal feet 
through inside of ring of air meter 6*1 inch diameter. Tube 615 inch on each side 
of air meter. 
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* NOTE.— This correction is made by deducting three per cent from oolomn 9, as the expertmen^a on 
3-inch air meters show that the Blow Out register is, on an average, three per cent, more than the staodard 
Draw In register (see comparison of Blow Out experiments with Draw In experiments). 

In June, 1884 (when so many experiments were tried at Cannon Row 
on the 2*7 inch air meters), a few experiments were also tried on the 
6 inch air meters, calculating the amount of air which passed through 
the full area of the ring of the air meter which was actually 6*1 inches 
in diameter. These 6*1 inch experiments at Cannon Row, viewed in 
the light thrown on the subject by the 2*7 inch experiments, distinctly 
proved that a large number of apparently unimportant matters affected 
the air meters, and that the apparatus at King's Cross Gas Works had 
not been sufficiently accurate to test the 6*1 inch air meters properly. It 
was therefore decided at that time not to use the 6*1 inch air meters for 
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the cowl experiments, but only the 2"7-jiich air metera, bat this deciaioti 
was suhsequentlj chaDged. 

E^ptrimtnts at Cannon Row. 

As the experiments on 2*lAuch Air Meters iit Cannon Row u|k>ii 
the readings of thermometers and the effect of the differences of temfwra- 
ture of room and water in the holder on the registration of the air 
metiers had shown that the registration was to a certain extent affected^ 
si^ecial temperature experiments were carried out upon the G'l-ineh Air 
Xteters at Cannon Row. Differences of temf*erature were obtained by 
artificially heating the room and cooling the water in the bolder and vice 
vet^it}, similarly to the methotl adopted when carrying out the 2 7-inch 
experiments* To attach the (5-1 -inch Air Meter to the outlet of the !n4der 
a zinc coniug-piece 3 feet 10 inches in length was used, the smaller end 
beiug 2\ inches in diameter, and the larger end G inches. On t*» the 
larger end the air meter was fixed« The same box and gauze was used to 
keep draughts from the meter, as in the case of the 2^7 inch experiments 
{see sketch p. 235*) Inside the box a piece of xinc tube 6 inches in 
diameter and 7 inches long was fixed to the ring of the air meter* 

The results of the experiments were entered upon the Cannon Row 
Summarj^ Table, No< IX<, p, 260, averaged in blocks usually of 20 
experiments, and entered upon page 6 of the tables from which tho 
Standard Curves were plotted- Tliese results are described by solid circles 
in the plotted Diagram 5, p. 235. 

Ejtj^rimenta at Old Deer Fart^ Richmond. 

In August, 1880, a timber stage was erected in the Old Deer Park^ 
Richmond^ and in the following month the bottom portion of the st^ge 
was boarded in so as to form a hut, A position in an open part of the 
Park was selected so that the wind currents should not be affected by 
buildings or trees. The stage was intended to be set out with its aads at 
right angles to the prerailing wind so that when cowls or tubes were Sxod 
they would have the greatest exposure to the wind and work could thereby 
be carried on more frequently and under better conditions. At that time 
Mr» Baker, chief assistant at the Kew Ob9erratoi!y% said that the posi- 
tion of the new stage and hut was as nearly as possible across the most 
frequent wintls, and that the least frequent winds were from the S,E,, and 
the most frequent at Kew from the S,W. and N,W. Subsequently, 
however^ two importaut points wexe discovered i firstly, that when SL*tting 
out the stage sufficient attention was not paid to the question of the least 
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frequent winds (S.E.), as the line of the stage should have been as nearly 
in the line of the least frequent winds as was consistent with its being 
across the line of the most frequent winds, — the stage ought therefore to 
have been more than 9 degrees to the west of north ; secondly, that the 
line of pipes was skewed so that their line was actually to the east of 
north, instead of the west of north. 

A reproduction of photographs and plans of the hut in Old Deer 
Park is given on Diagrams 1.') and 16, facing page 256; 17, 18, and 19, 
pages^261 — 263. 

Qtntrul Scale of Feel . 
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Plan. 
Diagram 17. 
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The ordinary apparatus used for testing was as follows : three 3 inch 
galvanized iron tubes 14 feet long were fixed vertically to a suitable bench 




Elcvation 
Diagram 18.— Experiment Hut, Kew. 

inside the hut and to the platform, and carried up from the platform, 
terminating 8 feet 3 inch?s above it. Concentric with these tubes, and 
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beneath them, were placed the three 27 inch Air Meter, on each side of 
which was fixed a piece of brass tube G inches in length. The upper 




CkOSS ScmON AT CCNTRC PiPC . 

Diagram 19. 

brass tube was joined to the lower end of the long galvanized iron tube by 
means of a strong india-rubber band which insured a perfectly airtight 
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junction. Below the bench at the foot of each tube a 1' 3} 
or air chamber 1' 8" deep was fitted, with proper aperti 
insertion of the air meters at the top. The bottom of each 
was covered with fine silk gauze so as to admit air equably 
cross drauglits to the instruments and tubes, in accordant 
methods found necessary from the experiments on curren 
Messrs. Sugg's works in 1881-1882. The break gear, to si 
the instruments simultaneously, consisted of a sliding rod fitt 
bench with attachments to each of the air meters. A littl 
the east of the south tube a Robinson's Cup Anemometer, 
centre to centre of cups, was set up outside the hut, the revol 
transmitted to the recording dial by means of a long thin 
passed to the inside of the hut close to the bench, thus admil 
operator starting and stopping the three air meters, and the 
Cup Anemometer at the same instant. The duration of each 
was noted with precision by a watch, and the wind direct! 
by an assistant who made use of a small vane close to the 
was taken to ascertain the temperature inside and outside thi 
experiments were proceeding, particularly in the earlier v 
method adopted was the following : the operator took the reac 
thermometers before commencing an experiment, then star 
meters and anemometer ; at the conclusion of the experimc 
the readings of the instruments, then read the thermometers ii 
then those on the i)latform, and immediately afterwards starti 
experiment. The object in taking temperatures immediately 
immediately after an experiment was to ascertain the di 
temperature that took place during the experiment^ for vi 
thermometer readings after one experiment are those ii 
preceding the next. As a general rule the door and window 
were shut when upcast and injector experiments were being 
open during down-draught experiments. 

The special experiments at the Old Deer Park, which we 
the preparation of the standard curves, consisted of a compari 
6*1 -inch air meters with the 2*7-inch air meters, for which the s 
corrections had been satisfactorily determined. 

For this purpose several experiments were made with ea 
()• 1-inch air meters, by running them against 2'7-inch Air Met< 
superposed (as shown in diagram 7, p. 237). The G'l-inch air me 
6 inch zinc tube on each side of it, was fixed in the usual i 
the bench. On the top of this was placed a coning-piece 3 fee 
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high and narrowing clown, including an J-incli shoulder to a 2*7'iMcU 
circular orifice, into which was inserted the brass tube attached to the 
lower side of the 2'7'ioch Air Meter. The similar braas tube on tlie upper 
side commiinicated (by means of a diverging tube ?| indies \ngh^ 2"7- 
inches at bottom, and 6 inches at top) with tlie t»-iiicli ^inc pipe^ which 
passed through the roof of the hut to the outer air. lu order to obtain a 
fair comparative average regist-er in feet per minute? from the 2*i-iuch and 
6"l-inch Air Meters, a duration of hslf-an-hour was allowed for each 
experiment. During each experiment the Anemometer recorded the 
wind velocity. 

The results of the s]>ec]al experiments at the Old Doer Park were 
entered upon the tables from which the Standard cun^es were plotted^ 
and ure given in Tables X., XL^ & XII* 

Tlie results of these experiments are shown on the diagram (p. 236; 
by crosses. 

From these averaged results cur%"es for each air meter were plotted, 
entitled "Standard Re^^sed Curves, March 1st, 1894, from various sets of 
experiments made at King's Cross Gas Works, Cannon Row, and Ohl 
Deer Park, in diflFerent years and under various conditions, on 6'1-in. Air 
Meters." On these curves the base was " Register feet per minute/* and 
the vertical "Actual Velocity per minute through inside of ring of air 
meter G"l -inches diameter/* Ttie curves are reproduced on p, 23Cn 

These standard revised curves were used in carrying out the reduc- 
tion of the dial readings of the 0*l-incli air meters used far the experi- 
ments upon Open Pipes, Cowls, and Terminals at the Old Deer Park, 
in the same manner as that in which the 2"7-inch standard revised curve 
was made use of for reducing the 3-inch Open Pipe, Cowl, and Terminal 
experiments* 

The curves thus prepared give the results of experimental comparison 
of the aLr-mater readings and gas-hotder readings up to 1,000 feet per 
minute on the air meter. In the examination of cowls, readings on the 
air meter exceeding 1,000 per minute have been reduced by assuming 
that the line representing the relation between reading and flow may bi^ 
continued as a straight line, in accordance with the indication given by 
the readings between 3U0 and 1,000 on Diagram 5, p* 235, The tendency 
sho^*n by the Anemometer curves to become rectilinear at the liitrher velo- 
cities is borne out by the exi>eriments at Kew by Dr* Chree^ p, 229, 

The use op Air Metees m the biVERTED PosiTroN, 
In some of the experiments upon injectors at the experimental Hut in 
the Old Deer Park the air was allowed to i>ass down the central S-iii, pip© 

Tf>L, xxii. PAUT iiK a 
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Table X.— S'l-in. Air Meter No. 671. 
ReBults obtained by comparing with S'J'Vfu Air Meters at OUi 
October, 1886, to February, 1887. 
Tube 60 in. diameter on each side of Air Meter. 
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per minute 
throutfh 




thioiif 
61 in. Bi< 










In 


Per 


2-7 in. meter, 
corrected 


In 


P*r 


eiOeaUt 
fktmiS-7 




SO minaten. 


minate. 


from curve. 


80 minutes. 


minute. 


Dwter,: 






3 






OoI.4-«>« 


1 


2 


4 


5 


6 


7 


B«Tolation>. 


Feet. 


Feet. 


Feet 


Feel. 


Feet 

Plotted 
Croi 


Fe^ 

iCurre 
ises. 


1127 


28.078 


936 


694 


4902 


163 


136 


1004 


26.973 


899 


667 


4666 


156 


131 


1065 


26.072 


8(i9 


64:» 


4405 


its:»^ 


}iS}i^ 


1015 


•J6.093 


869 


645 


4375 


972 


24.2t8 


809 


601 


4141 


138 


118 


481 


21,679 


722 


536 


3755 


125 


ia5 


461 


18.307 


610 


45.J 


8094 


103 


89 




14.540 


484 


3(>l 


2235 


75 


71 




14,174 


472 


352 


2017 


67 


69 




13,576 


452 


337 


1788 


60 


i 66 




1 1.373 


379 


284 


1L>02 


40 


w 



Note.— Ratio of areas : 6 1 in. meter, 2U 22 
2*7 in. meter. 5*72 



= 611. 
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Table XTL— 6-1-m. Air Meter No. 674, 

i$guit^ ttlitained % comparing with S'7-in. Air M^Urx at Old De^r ParJ^^ 

October^ IS86, to Ftbrtmmf^ 1887, 

Tube 6*0 ID. diajDeter on escb tide Cif Air M^tvr. 



rr in laJTEB, H^o. eiL 


eiin^MSTUR, Ho. W4 


. 


Cap 


B^lteler. 


p«r miDiiLe 

f-TlD. mcst«r, 
wrnctcd 


..il^. 


■ 1 In. B«C9r. 
Mkatolfld 




Ha 
SOsiioa(fl& 


mtante. 


10 f&J&iit«i. 




tBd«l 


^J^ 


2 


8 


4 


6 


. 


T 


8 


^B^VBBv* 


WwM. 


Fi^ 


Foel 


r«i 


F*«t. 


F«t 




1^ 










Plotted ou Cor?e ia 
Crotm. 




ia^2 

1010 
991 

m 

748 
332 


33^77 
2*1,012 
25,750 

23M7 
21,472 

ltf.868 


lUD 

7J*i 
562 


aai 

<>** 1*140 

m^ 

532 
418 


5a83 
40dl 
4;»si 

37m 

3iU5 

i&se 


169 

'3«li« 
142 {139 

i:i4 

fi5 


l«3 

114 
104 
«2 


930 

«H 
ft29 
«41 
<H0 



At in. 1 



.SMi 



and paaaefl the air meter placed in position for measuring the u{>ca5t flow. 
The air accordingly struck the back of the vanes and the poiater ran 
backwards over the dial. A s|}ecial series of experiments was iastituted 
to ascertain what correction if any onght to be appUed to the readJngi* of 
the meter on account of this reversal of the usual tlirection of flow 
with reference to the meter. The experiments were carried out partly 
at Messrs. Sugg's Works, partly at Cannon Row, and parti}' at the 
ex|>6riment{d Hut, In the two first mentioned, air from a gas holder 
was driven past the air meter in the direct and reversed direction alter- 
nately. Slight modifications were made in different experiments by 
varying tlie length of the tube which continued the flow of air beyond the 
meter, and also by covering more or less of the projecting tube with a box. 
Ill the experiments at Old Deer Park the air meter waa placed in the 
direct and reversed positioii successively at the foot of the central pipe, 
and the downcast or injection reading of the meter was compared with the 
simultaneous mean upcast reading of the two outside pi i^es^ the central pipe 
being surmounted by an injector cowl. These comparison numbers having 
been obtained, a ratio for the air meter reversed to that for the air meter 
direct was then taJten t^o represent the comparative effect of the reversal 
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The results obtained from 180 experiments were as follows : 





No. of 


Namber of 


BadoofBettdinsBori 


Place of Experiment. ^^^ Experimenti. 


Batia j BmXkx 


Messrs. Sugg's Works 


6J0 
019 
446 
611 


6 

31 

120 

23 


1-23 
lltt 
1-174 
116 


1-20 


Do. Do 


1-11 


Cannon Row 


1*114 


Old Deer Park 


1-07 





With reference to the possibility of change of result by int 
the meters, the following note by Mr. Rymer Jones appears : — 

^'The meters were occasionally oiled, and sometimes intei 
results seemed doubtful, but in no such trials were any difFereno 
(Sept 4th, 1893.) 

Subsequently, on 4th December, 1895, and 30th Noven 
further experiments were made by changing the positions i 
Meters, when very slight percentage differences between the re 
of the meter in the centre pipe and the mean of the corrected 
outside pipes were observed, as shown by the following results :• 



Averages., 



Percentage Difference from Mean. 


Meter 446 


Meter 619 


Meer620 


Xetarau 


on centre Pipe. 


on centre Pipe. 


on centre Pipe. 


on centre Pipe 


+ 1 








- 4 


+ 1 





- 1 


- 1 


+ 1 


+ 1 


- 2 


- 3 








- 1 


















+ 0-6 


+ 0-1 


- 1-0 


- 2^ 



Testing of the Air Meters. 

It is to be noted that the Air Meters were all tested witl 
in a vertical plane, but were used with the wheel horizontaL 
evidence to show whether this difference of position would 



readings. 



PART IIL-DETERMINATION OF WIND 
VELOCITIES. 

For the purpose of obtaining readings of the actual wind velocity o^r 
the openings of the Cowls, the Committee employed varioua instruments ; 
for velocities exceeding 13 miles per hour a Kew Pattern Robinson 
Anemometer (9-inch cups, 2-feet ai-ms) was used ; for lower veloeities a 
aJmikr anemometer but of the miniature scale of I inch for the cups and 
If^inch armsj was employed. The Kew Pattern instrument was continu- 
ously working throughout the investigation, and nearly all the cowl 
experiments have a corresponding reading of the anemometer* The l-incli 
cup instrument was only occasionally employed. 

The highest wind recorded at the Hut occurred on 12th Jan.^ 1899, 
when the force of the wind was too great to allow of cowl measurements 
being carried out. Readings of the Kew Pattern anemometer WTre taken 
for each minute from 2.30 to 2-50 p.m., and show (using 3 as factor) a 
mean velocity of wind of 43 miles per hourj and a maximum velocity of 
56 miles per hour as computed from the run of a minute. 

For certain special investigation a Dines Pressure Tube Anemometer 
was employedj and there are sufficient simultaneous readings of all these 
instruments to furnish materials for a coniparison with the corresponding 
flow^ in the 3-inch open pipes mounted at the Hut. 

The Committee took great pains to ascertain the factors necessary for 
reducing the readings of the instruments For the 1-inch cup anemo- 
meter a special experimental investigation was made for the Committee by 
Mr» W» Up Dines. The Kew Pattern Robinson Anemometer had been 
lent by the Kew Committec> and was the actual instrument upon which 
experiments had been made by mounting it on a mcrry-go-round in the 
open air at the Crystal Palace in 1872 and 188L The results of thi? 
latter comparison were discussed by Prof* Stokes in a paper read before 
the Royal Society in May, 188L 

The determination of the proper factor for the Robinson anemometer 
has given rise to a great deal of discussion. Dr. Robinson partly on 
theoretical grounds and partly as the result of experimental investigation^ 
had assigned the factor 3 as appropriate for converting the actual run of 
the cups into the distance traversed by the air passing the cups, and the 
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factor is still employed in adjusting the mechanism of the 
give direct readings of wind velocity, but subsequent expel 
searches, some of which are rt^fcn'etl to in the foot^nott* on % 
following pages, tend to show that this factor, except for verr ' 
is distinctly too high, and tliut for winds exceeding 10 miles 
factor of from 2:2 to 2'4 would give results corresjwnding 
nearly with t!ie actual velocity of the air. The precise { 
arlopted would really dt-pciid ujion the particular instrument 
and its condition as regards lubrication and other circumstanoei 

Mn Rogers Field made vm-y extensive enquiries intu th^ 
vestigatiom of the; aueniometer constants*, and entered into 
denco with Mr. S. P. Fergnsson, of Blue Hill Observatorj?j 
Mn W. IL Dines of Oxshott, and in the end decided to ado| 
of results given in Prof, Stokes' paper, taking the registered 
number of revolutions, aud making no allowance for natural wii 

It is unnecessary to enter liere into any discussion as to ifl 
factors so obtained were really the most appropriate for the 
instrument in use. Wtjat is wished is to place before the \ 
results which, so far as can be ascertained from the materials I 
would have been adopted by the Cowl Committee in view o^gd 
tion at their disposal. ^^ 

The results adopted are plotted on Diagram 20. Theyj 
reading for rotation of the whirling machine (shown on p. 275] 
and against sun, and the mean of the two which was adopt 
reduction of the anemometer readings. 



*TCoTB.— The fallowing IB a \hi of papers ftbalmcled or eonsultod tsy ■ 
(NmiideiiTig Ibe Constant of the Anemometer. 

*• Descriplton of aa Improved Aaemo meter" T. R- Robmson, D.D. ,..„. 

** Beatlnimung der Anoraomeler Constanleu,*' by P, Dohraadt Wild'a 
Hcpcnorium, T. IV,, N<j. b, ... ... 

*' Notes on rhe Tlier^ry of the Cup Anemometer at>d ibe deteraiinnliim uf 
ili conBtatite;^ by the Rev. T. R Bobinson, D.D., read 13th Dec.» li^TS, 

'^Proceedings, Royal Irlali Academy/* 2nd Scries, Vol. II ,, 

** Bestlmmung der Anemoaieler Constanten— Forlzetzung," by F. Doh* 
m»dt. Wild*9 Heptirtorliim fur Muteorologle, T. VIm No, 5 

*' On llie determination of the Conilanta of the Cup Aneraomeler^*' bj 
T. R. Robinson. Phil Tr,, Pitrt IL .., 

** On Obaervatlfvns on rhe Velocities of Winds, and on Anemometers/* by 
Q, A. Hflgemann. Quarterly Journal of ihe Meteorological Soc i Voh V.^ | 
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EouoH List of Desigxetis of A!fEMOMETKBa. 

Th^ following rough list of designers of Anemomelera was alaf> prepafCMl by dtrecUa 
of tlie Committee, anrl it \% reproduce;!] liere without Eiddition or modificatioii. It i& 
prolmbtj based ujjon the catjilogue of histrumeuta exhibited ttl the Ro^'al Meteorologicail 
Society. It will be noticed thtit Mr. Dlnes's name does not appear [ii t^e Hst, and it was 
probably drawn up before the well known instnunent designed by him was m asCv A 
Bpecimen of the inetniment was, however, employed for part of the period of the Cowl 
Committee's experiments at the Hut in the Old Deer Park, and tU iodicnUons are 
ployed a$ the basii of a cfimparisou of the yarious records taken at the Hul* tp. 28S^ Tab 
is/and Diagram 25, p. 26*1 



Adte's Small Recording Maker. 

BuliingalL 
Beaufoj 
Beckley ,.. 

Blanch i^ 

Binini (Davb) .♦. 

Bonguer,*, 

Brewster 

Burton ... 

Borton (Charles) 



Whert it^ormntian mat^ be found. 



Casella^a Embossing 

Gator'fl 

Combe. 

Crosaley 
Cronne ,,* 
Curtis. 



Ann* of Pblloa., K. Series, YoL XL, p, 4S1, 
Met. Office Reports. 

Any optician. 

Mh« rauvrd ties Vaisseaux, p. 151, or Traits du Navire. 
Brewster — Edinb. Kncy., Ariicle ** Anemi^meters.*' 
Martin— Philips. BriU.,'Vol. IL, p,211. 

(33, Barclay I^jad, Walhara Gret^n) Nature, Sep. 29, p, 5t*^, Oc 
20. 1881, p. 583. 

Maker. 

.Met. Mag., VoL II., p. 123, 

Inventor, 

Phil. Trans,, 16(17. 



Notes on the raeaanremenia of Wind Velocity: Results of recent experi- 
ments, by Prof. C. F. Mftry in, American Meteorological Journal, Vol. 5, p, 552 

Vol 9. p, 115 

The measurement of Wind Velocity, by C. F. Marrin, Aa<istant Prof, 
Signal Service. Monthly Weather Review^ Uniied Slates Signal Service, 
Vol. XVIL. p, 6:2 ... .» ... , 

Comparison of Anemometers, by Aast. Prof. C. F, Marvin, U*S. Signal 
Service Monthly Weather Review, Vol. XV IIL, p. 22 „ 

Anemometer Comparisons, by 8. P* Fergussoa. American Meteorological 
Journal, Vol.0, p. 421 ... 

Rev, Ftenwick Btow*3 Experiments on large and small Anemometers. 
Quarterly Jul, Met. Soc, Vol. L, p. 41 

Experiments on Anenioraelers and other methotis of mea«iuring tlie 
movement of air in pipes by means of a gjis-holder of the Town Oas Works, 
Breslan ... ... „. 

Wind Pressures nnd Measurement of Wind Velocities, by Prof. Marvin. 
Am. Met. Journal „ 

** Anemometer compjwis^ns at tlie Blue HHl Meteorological Ohservatory 
Uy 8. P. Fergusson.*" Exlraeled from the annals of the Astronomical Obser- 
viiti>ry of Harvard College. VoL XU, part IV. 



April* Id 
July, jl 



1 



Repobt on Cowls and Tebminaus. 



273 



Xame. 
Dall^rg 

De La Rue 
DjmcDge 
Dechevrens. 
D'Ous-en-Bray 

Dollond 

Eccard 

Fletcher. 

Forbes 

Foster 

Gait on— torsion. 

Gibbon 

Green 

Hagemann (Pfttt. I.) . 
., ( . 11). 

Halleur 

Harris, Sir W. Snow . 
Hennessey 

Hermann 
Hery^Mangon... 
Hick's Electric 
Howlett 



Where information may he found. 

An^mom^tre propose aux amateurs de m^ttorologie, Enfurt, 
1781, and Rozier, Vol. XVIL 

Rozier— Observaiions, VoL XV. 

Hist, de TAcad. des Sciences, ann. 1734, p. 123; or Mdmoires, 

p. 169. 
Description of the Atmospheric Recorder. G. Dollond. 

History of the Signal Service, U.S.A., p. 40. 



Negretti and Zambra. 

Instructions to Observers— Canada— by G. T. Kingston. 

History of the Signal Service, U.S.A., p. 39. 
Instructions to Observers— Canada— by G. T. Kingston. 

3Iet. Offit!e. 

Mr. Rogers Field. 

Any optician. 

Met. Office. 

Inventor— Professor H. Hennessey, F.RSn Idrone Terrace, 

Blackrock, Dublin. 
Mechanisch-verbe^rter Windmesser, u.s.w. Freiburg, 1789. 
Inventor— or Br^guet, or Annuaire de Montsouris. 
Inventor. 



Anlagen zum Hauptberichte der Preussischen Schlagwetter Commission. 
Band V., p. 123. Veriag von Ernst & Kom, Berlin 

Experiments on Centrifugal Fans by Bryan Donkin. Minutes, Inst 
C. E.. Vol. CXXIL, Part IV. AppendU III. Summary of Report by Mr. 
Althaus. 



1887. 



Robinson's Cup Anemometers: Difference in the number of revolutions of 
the cups according to the direction of the revolution when tested on whirling 
machine. Dobrandt*s Experiments 

Experiments with Whirling Machines. Report of the Wind Force Com- 
mittee., Quarterly Journal, Met Soc., Vol. XVI., p. 26 

Report of the Wind Force Committee on the Factor of the Kew Pattern 
Robinson Anemometer, drawn up by W. H. Dines, B.A., F.RMetSoc. 
Quarterly Journal of the Royal Meteorological Society 

Anemometer Comparisons, by W. H. Dines, B.A. Quarterly Journal of 
the Royal Meteorological Society 

Experiments by comparison with Helicoid. Report of the Wind Force 
Committee, Quarterly Journal, Met Hoc, Vol. XVIII., p. 165 

Report of the Wind Force Committee on Experiments wiih Anemometers 
conducted at Hersham, drawn up by G. M. Whipple, B.Sc., F.RMetSoc, 
and W. H. Dines, B. A., F.RMet.Soc. Quarterly Journal of the Royal Meteor- 
ological Society 



1878. 
Jan., 1899. 

Jan., 1890. 
July, 1892. 
July, 1892. 

Oct. 1888. 
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Name. 



Jell nek ... 

Kingston 
Kreil .. 



Leslie ... 
Leutmann 
Lind No. 1 
LoiBonossow 
Lowne ... 

Martin ... 
Morgan ... 



Where information nuzy be found. 

Beitrage zur Kentness selbst registrerender Meteor- Apparate. 

? =. Gibbon. See lostractions to Observers — Canada. 
Entwurfeinesmeteoro. Beobacht fiirdei oestereische MoDarcliie. 
Wien. 1850. 

Leslie Experimental enquiry on heat. 

Instrumenta meteorologise inservientia, Wittemberg, 172.'>, p. 1 16. 

Any optician (Lind No. 2 -Snow Harris, which see). 

Nov. comment Petrop., 1749, t. IL, p. 128. 

Maker. 

Philos. Brit., Vol. II. 
Inventor. 



Nollet 

Oertel 

Osier 

Ottinger 

Pastorelli. 
Pelisson 

Pickering 

Polini 

Poschmann 

Prest«l. 

Prigoulx 

Recknagels. 

Regaier 

Robinson. 

„ disconnecting 
Ronalds. 

Schmidt 

Shaw 

Stow. 

Theorell 

Valz 

Yentosa 

Wheatstone 

Whewell 

Wild. 

Wolff 



Yeales 

Zeiher 

Anonymoa8=Pre8tel .. 



Art. des experiences. Vol. III., p. 62. 

Oothaiches Magazin, Th. 4, S. 1. 1., S. I 

Inventor. 

Mr. Whipple. 



Beobachtungon und Entdeckungf^n aus der Natm-kunde. Berlin, 

1790, Th. 10. 
Phil. Trans.. Vol. XLIII. 

Polini— De la meilleure mani&re de mesure sor mer, &c. 
Voigt's Magazin, .Jena & Weimar, Band VII., 8. 463 

Le^ns de Physique de TEcole Polytechnique. 



Bulletin de la Soci^tc d*Encouragement, Ac., No. 150. 
Negretti and Zambra. 



Poggendorff, Annalen, 1459. 
Inventor. 



Inventor. 

Zach-Oorrespondence astronomique. Vol. X., p. 34(^ 
Nature, Nov. 24, 1881. 

? 12th B. A. Report 
7th & 8th B. A. ReporL 

C. Wolff— Elementa matheseos universae, Haloc, 1743, VoL 2, 
p. 405. 

Makers. 

Nov. comment Petrop., t X., p. 392. 

Phil. Trans. No. 24, ue„ VoL 1 or 2. 
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Tests of the Mikiatdre (1 inco Cop) ANEMOMETEit 

This instrument was Imt to the Cowl Committee by the late Mr 
G- M. Wlifjiplej Superintendent of the ICew Obsenaton^, and in the 
absence of any well established factor of reduction for the instrument 
arran^ments were made for a special invt^stigation. The instrument is 
illustrated in diagram 21 ^ facing page 272; the diagram was repnxliicetl 
from a fulUsized drawing, but the words " full size'* which occur on the 
diagram are, af course^ in cor reel j as the drawing is considerably reduced in 
reproduction. The chief purpose of the instrumeat^ from the point of view 
af the Cowl Committee^ seems to have been to determine the velocity of 
air over the cowls when less than 13 miles per hour; below that limit no 
[ determinations of the factor of the Kew patteni instrument were available. 

A determination of the factors of the instrnmeut by means of a 
whirling machine had been made in 1(*89 by Mr. Dines at Hersbam (see 

TWliirliiig Machine and Driving Apparatus at Oxshott, 

Surrey. 
Fitted tip Ma^ 1897^ W hitler Rerotvtuff mtli San. 

4 



Diagram 22* 

XoTB.^-Wben llie driving BppAmtus h Dot betog wound np weiplit A fiillii and weight 
B ri«es; when beiiiK wound up the r^^erse itciioii mk*** place, Hw arraiig^isent being 
similar to that u^d id windiogup aatronomiGiil djcks. 



f$ III^~DeterminaUon of Wind VeloeiHeSi 

Table XIIL, p* 278), and as the obsenations did not givn 
extensive series of results, a further investigation was consic 

Accordingly in 1897 Mr, Dines ciirried out a series of e: 
the Committee by fixing the 1 inch caps (miniature) Kobindc 
on his whirling machine at Be vers tone, Oxsliott, Surrey, 
carrjnng out the experiments is shown on diagram 2i, p, 27. 
results are given in Table XIV,, p. 27^, 

From notes of a lengthy corresiiondence witli Mr. Di 
experimentsj it appears that some uncertainty still attached 
to he taken as an appropriate correction for ^' mi twin tl^^ thj 
to the circulation of air which is gradually established w 
apparatus is worked inside a building* as was the case with t 
in questioni A subsidiary investigation into the eflfect of 
therefore to be ma<le. The measurement of the amount oj 
difficult to de terminer A special apparatus was designed ai 
Mr. Dines, consisting of a mica flap which was sensitive to ai^ 
slow as (J-1 to 0'2 mile per hour, and which hidicated th 
mitwind created during each experiment Ttas was found t^ 
and not a percentage of the velocity (Mn Dines* letter, 9th, 
The initial tests showed that the mitwind arrived at its pen 
well before the tenth turn of the whirling machine^ The fin 
for mitwind was not determined from direct experimental t 
but also from deductions and conclusions from observations | 
Dines during the progress of the experiments. It appes 
correspondence that the correction must be regarded as de 
the actual length of run of the whirling machinCj and the 
per cent, for runs of one-tenth of a mile and 4H3 to 7*0 per 
of a half mile were adopted. The former number was de; 
following experiments of April, 1897 ; — 



D«to, imi. 



April 



10 I& 12 

30 
9 

30 

9, 10 & 12 



Whlrlflr 

(O&ft-teAtb tnlle run). 

MUh per hour 



Ayerage . 



Mil wind per »nt. 



Whtilw 
Bevolvlng 
wfih Sua. 



5'3 



Wlilf1«} 



35 



Mt&n 4 '4 
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The latter numbers (4^ to 7 per cent) were derived from the following 
experiments in December, 1896, and Mav and June, 1897 : — 







With San. 






Againct San. 






Dfttei 


Wbirler, 

mll«e 
per hoar. 


Mitwlod. 


Whirler. 

mllee 
per hour. 


Mltwind. 


withSon 

and 

afainMSon 

per cent 


Amoant. 


Percent 
of 


Amoant 


Per c«it 
of 








Whirler. 






Whirler. 




1896. 
















Dec 


14 

7 






... 


... 


... 


5-6 
8-3 


10-5 


7-0 


1897. 
















23 May. 


15 


... 


6-6 


15 


... 


6-2 




25 « 


15 


... 


6-8 


15 


... 


6-5 


1 


24 „ 


10 


••. 


8-7 


10 




7-7 




25 ,. 


10 


... 


6^0 


10 


... 


4-6 




12-5 


7-0 


\'2'b 


6-3 


6-6 


23 May. 


7-0 




53 


7-0 


••« 


7-6 




8 June. 


5-64 


•34 


60 


6-32 


•31 


4-9 




9 .. 


5-37 


•24 


4-5 


4^81 


•17 


35 




9 „ 


5-37 


•22 


41 


480 


•16 


33 
4-8 


4^9 


6-84 


60 


573 


8 June. 


4-20 


•30 


7-1 


341 


•11 


3-2 




« .. 


2H8 


•15 


5-6 


3^77 


•17 


4-5 




9 .. 


2-95 


•07 


2-4 


2-80 


•16 


5-7 




9 .. 


2-77 


•06 


21) 


2-66 


•15 


5^ 


4-6 


315 


4-5 


316 


4-8 



Preliminary experiments on 29th December, 1896, had given 7 as the 

mean percentage correction, with a run of '45 miles. The corrections for 

mitwind based upon these observations, which represent the outcome of 

the investigation initiated by the Cowl Conunittee, are as follows : — 

Miles per hour recorded ... 2J 4 6 8 11 15 

Correction for mitwind, per cent 4| 5 5^ 6 6 J 7 

Adopting these corrections, viz., 4% for -|^ mile run, and 4J to 7®/^ 
for ^ mile run, Mr Dines*s results at Oxshott for the comparison of the 
whirler with 1-inch cup auemometer become, as shown in table XIV., 
and they are plotted on Diagram 24, p. 281. The results of the Hersham 
experiments in 1889 are given in table XIIL, and from both this table 
and an intermediate curve is drawn the final curve which gives the 
computed relation, at any speed, between the true wind velocity and the 
indications of the cups. 
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Table XHL— Miiiiafcare Bobmaou Atmctwi^i 
l-izL. Cups, ll-in. Azma. 
Exfwmada by Mr. W. H. Dimea «f ffn diai, i» 

>lm» of Whirter 27 ft. Whiried a^ntt Sua J^=^ 



If 



U^i 



flrflMpcr I 



'Istf Csf*«n 



Csftcrv- AT«r»0e. Ezp«rt- A« 



5^ 



3-^ 



l-3fJ 



l-3i 



CcLS. 
CoL4. 



3->3 



m 

555 



MS 



1-21 



7« 


ji^^i 




yj 


I4i4 




i^i 


IfkiPt 


I4'44 


>-/, 


Jirjfi 




M 


J$f:i2 




8;* 


:3fH« 


V3'Ti:^ 


HH 


*jf>i« 




77 


•j2'H; 




H7 


22-*i>< 


2179 


«J 


21'Hri 




h:> 


•J.VH4 




(Kl 


26-24 




7H 


*M".V2 


25H(J 


t«l 


25;w 




ii:i 


27(J() 




tw 


27(50 


27- lU 


{Mi 


:J()-6H 




\n 


.'U-21 




U4 


31 M 


3116 




Col. 



4i58 
5-27 
577 

7-21 
6-99 
7-07 



5-24 



7-03 



2^74 
*74 
2^79 

2« 
2-76 

2W 



±76 



2^75 



5-29 



716 



7-o7 




2-76 








812 1 




273 








8-U7 1 


7-92 


276 


275 


8W 




927 




2-68 








907 




2-85 








9-45 




2-78 




i 


9-48 


9-32 


2-78 


2-77 


9-41 


8-92 




2-96 




1 


1012 




2-73 






1073 


9-92 


2-57 


2-75 


10-02 ' 

1 


11-49 




2-67 




' ! 


11-44 




273 




1 1 


12-16 


11-70 


2-60 


2-67 


1 11-82 » 

1 



8 plotted ou Diagram 23 (facing p. 280). 
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Table XIV.— Miniature Bobinson Anemometer. 
1-in. Cups ; l|-in. Arms ; Arm of 'Whirler, 7*56 feet. 

Complete Table of Results of Experiments by Mr. W. H. Dines at Oxshotty 
Surrey y 1896-1897 ^ vnt/i correction for Mitwind. 

1 2 



i! 


Wliirler revolTing with idxi. I 


si 

Q g • 


Whirler reTolrinc a^oit 


ran. 


Bun 


Dwlact 


ArtlflcUl 


Cups, 
milee 


B T 

|£ Iwi 


tan 


Dedoet 


Artifldel 


Cups, 
milee 


of 


for 


Wind. 


of 


for 


Wind, 


Whlrl«r, 


Mitwind, 


milee 


per 


lirler. 


Mitwind, 


miles 


per 


mUM. 


percent. 


per hoar. 


hoar. 


^•5 , «nU^. 


percent. 


per hoar. 


hfiar. 


11 


•45 


4-4 


207 


•52 




19 


45 


4-6 


2^39 


•:o 


122 


•50 


4-6 


2*56 


•72 




134 


60 


4-6 


2^64 


•64 


ISO 


•60 


4^6 


2^64 


•77 




133 


60 


4-6 


2-67 


•fi8 


129 


•60 


4-7 


2-81 


•85 




76 


10 


4-0 


270 


7:. 


76 


•10 


40 


2^83 


•89 




18 


45 


47 


2^86 


•73 


48 


•10 


40 


2-88 


•90 




49 


10 


4-0 


2^88 


78 


10 


•45 


47 


2-86 


•95 














— 


•10 


40 


300 


•95 










2^68 


•H8 








2^71 


•82 




53 


10 
10 


4-0 
4-0 


314 
317 


•88 
•88 


60 


•10 


4-0 


314 


1^05 




— 


10 


4-0 


3-20 


•91 


ae 


•10 


40 


314 


1-00 




51 


10 


4-0 


3-23 


•94 


81 


•10 


40 


314 


1-03 




55 


10 


40 


3^29 


•91 


— 


•10 


4-0 


3^29 


110 




125 


50 


4-8 


3-25 


•87 


M 


•10 


4-0 


329 


i-ai 




82 


111 


4-0 


8-29 


•94 


52 


•10 


4-0 


3-35 


111 




126 


60 


4-9 


3-59 


1^08 


87 


•10 


4-0 


3-75 


125 




47 


10 


4-0 


3-64 


1-09 


123 


•60 


50 


399 


134 




17 


45 


5-0 


3-80 


107 














88 


10 


4-0 


3-84 


121 








339 


112 










3-40 


•98 


8S 


•10 


40 


4-93 


1-71 




131 
132 


60 
60 


6-2 
62 


466 
455 

4-66 


139 
1-41 

140 


127 


•60 


5-4 


508 


176 














128 


•60 


54 


5-08 


178 




90 


10 


4-0 


6-40 


182 


121 


•50 


54 


534 


l'8S 




16 


45 


6-6 


6-67 


174 


8 


•45 


5-5 


5^67 


204 




14 


45 


6-5 


6-67 


1^87 


9 


•45 


55 


5^67 


2-00 




15 


45 


65 


5-«7 


i^to 


89 


•10 


4-0 


57« 


208 




84 


10 


4-0 


6-96 


lint 


77 


•10 


4-0 


596 
5-51 


2^17 
1.96 






10 


4-0 


6-67 
640 


1-86 
2-14 


101 


•50 


5-7 


6-29 


2-28 




124 


60 


67 


6-43 


2W 


— 


•10 


40 


640 


2-30 




78 


10 


4-0 


6-40 


2-13 


— 


•10 


40 


6-40 


2-36 






10 


4-0 


6-62 


2-15 


— 


•10 


4-0 


6-52 


2^40 







10 


4-0 


fV52 


2^20 














103 


50 


57 


6-63 


2^11 








6^40 


2-34 




101 


10 
60 


4-0 
6-8 


6-64 
678 

663 


2-22 
2^16 

2-l.'> 
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Table "XIY.— (Continued.) 



^6 



Whirler rerolTing with san. 



I 



Ban 

of 

"Whirler, 



5^ i 



Dedaot 

for 
Mltwind, 
percent 



ArtiflcUl 
Wind, 
niilns 

per hoar. 



I 



Caps, 

miiee 

per 

huar. 



i| 



Whirler mttoItI 



Bxm 


Deduct 


of 


for 


Whirler, 


Mltwind, 


milee. 


per hoar. 



102 

85 

91 

6 



79 
5 



44 
108 

46 
109 
117 

40 
118 
110 



42 



1 
2 

95 

94 

93 

113 



96 
114 



•50 
•10 
•10 
•45 
•45 



•10 
•45 



•10 
•50 
•10 
•50 
•50 
•10 
•50 
•50 



•10 

•45 

•45 

•45 
•45 
•50 
•50 
•50 
•50 



TOO 
•50 



5-9 
4-0 
40 
6^0 
6^0 



40 
62 



4^0 
63 
40 
6-4 
64 
6-0 
65 
6-4 



4-0 
6-7 

6^8 

69 
6-0 
69 
70 
7-0 
7^0 



7-0 
7^0 



7-06 
735 
7-35 
7-52 
752 

736 

8-23 
8^45 

8-34 

9^09 
912 
934 
9-36 
9-46 
9-60 
9-90 
9-73 

9-45 



101 



1120 

12-12 

13-03 
1303 
13-52 
1361 
13-72 
13^95 

1348 

1455 
1455 

14-55 



' ! 



2-55 
2^68 
271 
2-81 



3-06 
316 

3-11 

3-44 
3-22 
3-.H 
3-43 
3-5() 
3-73 
3-64 
3-64 

3-53 j 

3-88 

4-32 

466 

505 
4-99 
5^19 
518 

5-2;^ 

5-37 

517 

5-59 
5-60 

5-60 



86 


•10 


92 


•10 


21 


•45 


80 


•10 


13 


•45 


43 


•10 


41 


•10 


»» 


•45 


23 


•45 


lOil 


•50 


107 


•50 


45 


•10 


115 


•60 


105 


•50 


39 


•10 


116 


•50 


21 


•45 


20 


•45 


12 


•45 


97 


•50 


99 


•60 


111 


•50 


98 


•50 


100 


1^00 


112 


•50 



4-0 
4-0 
61 



4-0 
6-2 
4-0 



4-0 
6-4 
6-4 
6-4 
6^ 
4-0 
64 
6-4 
4-0 
6-5 



6-8 

6-9 
6-9 
7-0 
7-0 
7-0 



7-0 

71 
71 



Some furtlier light is thrown upon this subject by the € 
conducted by the Cowl Committee at the old Deer Park at Ri 
the course of their investigation of the action of the wind up 
of air along open vertical pipes. In the course of these experim 
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282 III.— Determination of Wind Velocities. 

in addition to the anemometer, a Dines Pressure Tube had be< 
at the Hut, simultaneous readings were obtained from the pre 
the Kew Pattern Anemometer, the 1-inch cup instrament, ; 
same time the flow of air up two of the tubes, which mai 
the upcast, was also determined. During these experiments 
pressure tube occupied the position of the central pipe refen 
on, but the upcast for that pipe could be inferred from the i 
two outer pipes in a manner which will be explained in the nexl 
this report. It is introduced here only as a bads for the con 
the results obtained from measuring the wind velocity by the t 
meters and the Pressure Tube, and these results serve to indica 
the factors of reduction adopted for the several instruments by 
Committee, give concordant measurement of the wind vel 
the Ilut. 

The results are represented, in the first instance, by Table 5 
is sumniarisecl in Table XVL, and the numbers are plotted on Di 
p. 28(5, the curve of which accordingly represents the factors whi 
employed to give the actual velocity of the wind (assumed to hi 
given bv tlie Dines Pressure Tube) from the readings of the tw 
mometers and the upcast in tlie two outside pipes of the Hut resj 

A different representation of the same experiments is given ii 
2(j, J). 2^7, where, with the same base line, the actual velocity oi 
of the two anemometers and tlie mean upcast velocity of the t\ 
given by full lines, and on .the same sheet, to a different scale f 
sented by dotted lines, are given the velocities of the wind der 
tJie two anemometers, using the constants adopted by the C 
For the purposes of coini)arison, a third line showing the v« 
recorded by the Dines Tube, necessarily a straight line from 
struction of the diagram, was plotted on the original diagram, b 
reproduced. 

It appears from this diagi'iim that the constants from the tw 
meters do not give strictly concordant results for the wind veloci* 
exhibit this divergence more clearly Diagram 27, p. 288, has been 
In order to explain this diagram it should be pointed out that if tl 
of one of the anemometers, the 1-incli cups, be accepted as coi 
factors for the other can be derived from the simultaneous readings 
factors thus obtained indirectly can be compared with those obi 
direct experiment. As the factors for the Kew instrument vi 
determined by direct experiment for velocities exceeding 13 r 
hour, and the factors for the 1-inch cups were determined for 
range, the simultaneous readings have been employed to deten 

(Continued on p 
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Table XV. 

Comparison of Robinson Cap AuemomtUr^ and upccut in the two outside 

open pipes with Dines Pressure lube Anemometer, 

Ratios arranged accordimj to Wind Velocity as recorded hy Dine* Pressure Tube. 



omnber 


or wtnd 
bv Dii}«« 




BaIIo lt)lJ»«>>. 






l!Ml«E 






Efttio <t>Lii«B) 


ITpout. 


£««. 


1 Id. ' UfKut.' rt»«Mt 


of eKpAFl' 




Itn. 


rpcwt. 


■WDt- 


Tobe. 




cup*. (fl> 


(d»j i mou*. 


Tiitw. 




CBpk. 


1 («► 


t^J 








1 




Mllwper 
hoar* 










77TO 


4 a 


233 


2-29 281 


2^17 ; 7669 


9-2 


2 44 


2^ 


3-57 


364 








■■ 


' 7716 


9^0 


2-4^ 


2*94 


3«5 


372 


7720 


5^ 


2^1^ 


2-il ; 285 


2iO 7724 


98 


25rt 


2-79 


378 


3-87 










7776 


9-9 


2-42 


2'98 


371 


379 


76i^ 


fi'O 


270 


275 3-30 


3,16 7778 


9-i 


2-40 


21^ 


3-70 


377 


imi 


fl2 


21ft 


2 55 ! 3<I0 


31*7 7779 


9-9 


2-25 


21>5 


3*09 


377 


7«57 


115 


2-61 


2-70 333 


3-31t 7780 


98 


276 


3-24 


3112 


3i*y 


7718 


tJ4 




2-71^ 34J 


3-50 ' 7787 


9-4 


2^4 


285 


353 


3iil 










; 7791 


9-1 


230 


286 


3*62 


3-69 




6^3 


253 


272 ■3-27 


333 ! 

1 


9r6 


2-53 


2SH 


3*72 


3*84J 


7«fil 

ifm 

7aM> 
7flfi3 
TB77 
7727 
7717 
7733 
7719 
77W 
7752 


74) 
74 
7-5 
7 '7 
7^ 
7-2 
73 

7'7 

7*6 


:;'33 
2(17 

2-48 
2li7 
2'3*i 
2-58 
233 
2-24 
24i> 

2^33 


2^1 
2-82 

2-82 
2-91 
276 
273 
2-tffl 
256 
270 

2-m 

21S7 


314 
S-44 
3-37 
357 
329 
3-60 
333 
3-^2 
3-46 
363 
323 


321 

3-52 

344 

3-6=S 

336 

3-<K* 

3.40 

3128 

3-53 ' 

371 [ 

330 


7065 
7668 
7676 
7H79 
7733 
7736 
7744 
7748 
7768 
7784 


lO-l 
JO-0 
10-6 
10-6 
107 
10-2 
1013 
10-5 
101) 
10-3 


250 
241 
2-28 
2-45 
2-66 
291 
2^76 
2iil 
2-52 
2-32 


2-99 
2-9rj 
2-84 
3111 
280 
2^ 
3i»4 
297 
315 
2-^9 


372 
3-67 

3-95 
3-60 

4m 

4H7 
4HI9 
3*84 
3-67 


3-80 
374 
3-67 
4-03 
8-88 
4 14 
4-15 
4*18 
39:1 
3-75 














16-3 


2-57 


2^ 


3-85 


31*3 




75 


24d 


272 


330 


3-46 




1 




















7672 


11-5 


2-38 


2^ 


3-67 


3-83 


7684 


83 


2-40 


292 


3S4 


3'6J 


7674 


H-9 


2-45 


2-94 


37i> 


378 


7<m 


e-8 


24*i 


2^80 


SfiO 


357 


7680 


11-9 


2-33 


2-17 


3*t=6 


3W 


7art7 


82 


259 


2-86 


3-57 


3-65 1 7737 


11-0 


2-87 


31H 


4*3^) 


4-38 


7720 


8^7 


231 


272 


3-53 


Zm ' 7736 


11-5 


2-58 


292 


3&V 


393 


77t?l 


8-7 


2-il 


272 


3-42 


348 : 7763 


11-8 


2*50 


288 


375 


3-83 


7T22 


8-8 


2-74 


282 


sa^ 


3-93 " 7761 


11-8 


255 


270 


3-»4 


389 


7725 


8^^ 


2-71 


271 


370 


3 78 7763 


11-5 


2-49 


3-12 


4-05 


4*10 


7728 


8-7 


2*m 


272 


3^1 


3-H8 7764 


11-0 


273 


3-22 


4-08 


4-17 


rm 


m 


2-56 


275 


372 


379 ■ 7765 


IW 


2-45 


2im 


3-74 


3-81 


nm 


8-4 


2^2 


2iMi 


344 


3*50 i 7770 


IIU 


249 


3-iHI 


31<i 


4*00 


7731 


87 


2M0 


2-86 


31» 


4D7 1 1 7772 


11-8 


2 41 


3<>J 


3*80 


387 


7732 


frS 


274 


276 






7774 


111 


2-43 


t-m 


377 


385 


7743 


8-3 


277 


2-1^9 


371 


378 1 


7781 


11-9 


2*28 


294 


371 


3 79 


7746 


8*8 


2'.Vi 


2*98 


370 


3-78 ■ 


7782 


11-5 


^2U 


292 


3iJ4 


372 


7766 


%% 


274 


3-00 ; 378 


3-81 , 


7785 


117 


2*45 


313 


3-87 


3'i95 


7776 


8-4 


237 


291 


3-50 


3-57 


7786 


11-0 


236 


2^ 


3-74 


3-81 


7789 


m 


2-47 


tiHI 


3-6T 


376 


77S8 


11-0 


2-33 


288 


3-80 


3-87 




m 


2.^ 


276 


3-64 


1 

371 

7632 


11-5 
127 


2-46 
271 


2-98 


3^ 
4-27 


3*2 
4-35 


7626 


90 


286 


«»» 




3-8S 7641 


12^9 


262 


... 


3-91 


4-00 


76*^ 


SH* 


287 


«T« 


A-m 


4-07 1 7652 


1 2-5 


2-84 


,,- 


4*21 


4-3<> 


TWO 


93 


274 




379 


3-8« ' 7673 


127 


2^31 


2-80 


376 


3-84 
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Table 'K:V— {Continued.) 

Carnpariiton of Robinson Cup Anemometers and upcast in tk 

open pipes with Dines Pressure Tube Anemometer 

Ratios arranged according to Wind Velocity as recorded by Dtfies I 



number 


nf wind 
by Dina* 
Fr^«ura 


B4(l«i (tJiniSi). 




Ofitrpefl' 


Velocity 

of urtnd 
bj Dlna* 
PniRftiiTV 


m 


Kflw. 


itti. 


Upcast. 


trpcMi. 


Kew. 


1 1 




Tube. 




caps. 


<«) 


iu) 




mflDt. 


Tube, 




h 




MlIm per 












Mi]«>per 




*. 




bOQf, 














honr. 






imi 


12*5 


240 


297 


3-89 


3-97 




7711 


15-2 


2-03 




7742 


12-4 


2^92 


3t»a 


423 


431 ' 


7712 


15*5 


2 m 




714^ 


ri-2 


271 


3*03 


411.^ 


413 1 


7741 


15*7 


2-59 


2 


7747 


12-^ 


2-84 


31H 


4'25 


433 


7751 


15-8 


2*76 


2 


7754 


12'fi 


2-40 


2-84 


3^76 


3-30 










77*'^r> 


12U 


2-57 


2-92 


3-86 


3-94 




15*5 


2*62 


2 


7767 


V>2 


2 56 


3tJ7 


3-9.1 


4-02 


7635 


16-5 


2*58 




7771 


12 2 


2'r;2 


3- 16 


4-2*1 


4-28 


76ri0 


16-4 


a 59 




7773 


12-7 


245 


2*H2 


3*70 


3-84 


7683 


163 


2-57 






12-6 


2*60 


T^ 


4H3L 


^m 




7684 
7694 


16*3 
165 


2-50 
2-51 




7B29 


138 


2*63 


w*^ 


4-07 


4*16 


i 7709 


16*5 


2*5« 




7tJ7a 


13-0 


2-41 


2*97 


3-84 


3-92 


7752 


16-2 


2-81 


2' 


7671 


13-4 


2^44 


3116 


4-00 


, 4-08 












7675 


1:1-0 


2*31 


285 


3-64 


3-71 






16*4 


2 00 


2* 


7678 


139 


233 


2-93 


363 


3-91 ] 


7644 


17*6 


2*54 




7708 


13-9 


2-69 




4*0"* 


4-08 |. 


7645 


17*2 


2-53 




7739 


135 


2-63 


289 


3-97 


405 I 


76H2 


17*0 


2-22 


2* 


7760 


13-8 


2-54 


2-98 


392 


3-99 ! 


7687 


17*4 


2-64 




776:i 


13-5 


2-45 


2*B*> 


3-88 


3 92 ; 


7699 


17*8 


2-50 




776» 


33^ 


2-37 


2-79 


3 71 


3^9 




7705 


17*3 


2-51 




T777 


ia-2 


2*60 


3-08 


4t*:* 


4-12 




7740 


17-0 


■i-61 


2- 




13-5 


248 


2*95 


390 


398 




7757 


17*2 


2*r-8 


2* 


7A43 


14i> 


269 




411 


4*19 






173 


2-52 


2^ 


7653 


14-8 


2'iK5 


..* 


4-n 


4-19 




7«»:16 


J 8-4 


2-57 




7655 


14-3 


2-63 




4*18 


4-26 




am 


18-8 


2*46 




76Pr. 


14-3 


208 


3*i3 


4'02 


4*10 




7646 


18-9 


2-54 




7688 


H4 


26* 


f,t 


3*98 


4-06 ! 


7648 


185 


2-54 




7m\ 


I4t» 


2-.^8 




3-90 


3-97 




7r*89 


18-1 


2*6« 




7713 


14 7 


2-70 




4*26 


434 




7702 


18*5 


2-4^ 




77^9 


14 g 


2-75 


2-9^ 


4-20 


4-28 




7707 


18^ 


2*55 




7759 


14-0 


2'4« j 


2*83 


3-79 


383 




18*5 


2-63 






14-4 


2fi2 


2'U8 


4t>d 


4*14 1 


7647 


19*2 


2^51 




7030 


154 


2-77 


,,, 


4-1 e 


4 2il 


7649 


19-9 


258 




76:14 


irj-9 


2-58 


.*. 


415 


4-24 


7691 


19-5 


248 




7642 


15 4 


20M 




! 4-20 


4-27 


76^*7 


19*5 


2-50 




7<i.^l 


ln-6 


2fi0 




409 


4-17 j 7698 


19-4 


2*54 




76a.i 


15 3 


2-60 




3yo 


3 98 




£% Wii 




7690 


15-1 


2-64 


... 


3-94 


4-03 




19-5 


2-52 




7G92 


15*8 


2Tk7 




3W 


398 


7701 


20D 


2-34 




7693 


J5'8 


2n2 


»#* 


3S9 


3*97 


7703 


20*5 


2-47 




761^5 


157 


2-flO 


..* 


3*82 


3-89 








7704 


15*3 


2'o5 


.,, 


3117 


4-ft7 1 


20*3 


2-40 




7706 


ir)-3 


2-55 




3'^H 


3-96 : 1 7637 


215 


2'SO 




771(1 


159 


2^58 


... 


4-10 


4-19 i 1 7700 


21*5 


2^51 




















21-5 


2*51 





Note.— (a) ia Upcut with no correction for direction of 
direction of wind. Calcalated as described In Part iV. 



wind ; (6) is UpcMt with a con 
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Low Velocities. 

In plotting the diagrams for ** Upcast" (low, compared with the different instru- 
ments for measuring the velocity of the wind, no entry occurs of a less velocity than about 
100 feet per minute, so that exixjriments made with a less velocity may be supposed to 
have been disre.irardcd. This gives a dow of about the same maf^itude in the upcast 
of the central i»iiH\ 

In tabulating the results fur cowls, the smallest value taken for the readings ot 
outside pipes is f)8. For these experiments the rule adopted was to reject any result when 
there was less wind than that corresponding to 9 revolutions per minute of the cups. 

The compass diagrams in Part IV. include fifteen experiments with very low velo- 
cities between and lUO. but the results are very uncertain and are marked by Mr. Field 
as unreliable. 



Table XVI. 

Comparison of Rolnnson Cup Aneihometent and upcast in the two outside 
open pipes with Dines Pressure Tube Anemometer. 

Experiments made at the *' Hut,^* Old Deer Parle, Surrey. 



wind Telocity 


Number of 


1 
Dioee. 


Dine.. 


Dlnae. 


Dlnec 


by Dines 


expetiiiieuU 


-^ 


-J- 


-2- 


-^ 


PreMore Tube. 


tkxenged. 


Kew pal tern. 


1 In. cupa. 


UpcMt. («) 


UpamL (6; 


1 


2 


3 


4 


5 


6 


Miles per hour. 








1 




4-8 


1 


2-23 


2-29 


1 2-81 


2-87 


6-6 


1 


218 


2-21 


1 2^85 


2^ 


6-3 


4 


2-53 


272 


3-27 


3-33 


7-5 


11 


2-4« 


2-72 


3-39 


S-46 


8-6 


17 


2-55 


2-76 


364 


3-71 


9-5 


12 


2n3 


2-94 


3-72 


3-80 


10-8 


10 


2-57 


2-96 


3-85 


3-93 


11-5 


18 


246 


2-98 


3-84 


31f2 


12-6 


13 


2-60 


2*98 


4-01 


4-09 


13-5 


11 


2-48 


2-95 


S-90 


3-98 


14-4 


9 


2H2 


2-98» 


406 


4-14 


16-6 


1« 


2-62 


2-93t 


4-01 


410 


16-4 


7 


2-60 


2-98: 


4-07 


416 


17-3 


8 


1 2-02 


2-84* 


3-96 


4-04 


18-6 


7 


; 2-53 




4-03 


4-11 


19-5 


5 


252 




3-95 


403 


20-3 


o 


2-41 




3-71 


3-77 


21-5 


2 


1 2-r)l 




3-95 


4-01* 



* Three experiments only ; t two experimeots only: I one experiment only. 

Note.— (a) is Upcast without correction for direction of wind; (6) is Upcast toith 
correction for direction of wind. 

From detaUed Table, dated October 12th, 1900. 
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factors of the Kew Pattern instrumeitt over tho wider range, and the«(o 
flic tors corresponding to a given run of the cups have been set out on this 
r'ifiagnun iti t!ie lowor dottcrl line, while the factors for the 1-inch cups «nfl 
the factors for tlu* Kew Pattern over the Umitetl range of din'c*t exi»eriincnt 
Are shown by full lines. The divergence between the factors of tlie Kew 
Pattern instrument^ as detjermineil indirectly and by direct experiment, Is 
til US clearly shown. 

With regard to this diagnmi it should be noticed that the Kew 
anemometer was erected at one end of the Hut and the l-inch cuiis at the 
other end, while the Dines pressure tube replaced the centre pipe (sei* 
DiMgram 1J5, page 262), The divergence between the readings shown on tlie 
diagram mnst therefore not be i-egarded as necessarily due to errors in the 
factors of the anemometers* It may be dae, to an extent which is unknown, 
to the difference of position of the instrumentii, and it is to be noticed that 
the mean of the plotted wind velocities as derived from readings of the 
Kew Pattern and the 1-inch cups (see Dia^am 2(>, p, 287) agrees with the 
Dines reading within about 2 |>er cent., which is not an extraordinary esti* 
mate of the difference of upcast between the centre pipe and the mean of 
the outside pipes, as detailed in a subseqaent chapter. For these the differ- 
ences of exposui'e wei"e not so great as in the ca-se of tlie two anemometers. 

Simultaneous observations of the upcast and anemometer readings 
were made in 1895 and again in 1>^W. In what has already been said, the 
results of the two sets of experiments have been combined, and it has not 
been regarded as necessarj^ to treat them separately; but in the final 
Diagram 28, p, 291, referring to thi^ part of the subject^ the results of 
the separate series of experiments are sepai-ately indicated- This Diagram 
may be regarded as embodying all the results of the Committee's w^ork 
upon the determination of wind velocities. 

As base line in this diagram Uie upcast is taken — it may be either the 
upcast in the central pipe if that was free for the purpose of observation, 
or the meau of the two outside pipes if the central pipe was occupied by 
the Dines pressure tube. The observations corresp>nding to the sepamte 
curves are indicated on tlie diagram itself, and the differences of ordinate* 
indicate the amount of divergence of the different measures of velocity. 
It should be noted that these divergencies include not only what is due 
to the uncertainties arising from any want of accuracy in the constants iif 
the instruments and from any peculiarity of position, but would also be 
affected by any ermrs arising from uncertainties in the reading or compu- 
tation of the upcast* Under these cijcuuistatiees the divergeneea which 
do not amount to more than two mtlea per hour in the values of the wmd 
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v»rIocitv, Iniilcat^f as satUfactonr an agK^ment as could be * 
they yjiTii to th»; exercise uf great care in the working; of tlic 
an'! xhr axTan^'*?m«.'nt of the ex{ierinient& 

To te^t the effect of changes of winds and gusts apoa the ' 
ari«rinoin»:tei^. and the air-meter in the upcast pipe, Mr. Pegjg 
ani ^'^th June, l^'Jo, arranged a number of simoltaoeoiis rei 
Three in*ttniments for succe>sive intervals of half a minata 
o'/T*-r^-ations with the Kew Pattern instrument were made ; ti 
1 inch cup anemometer indicate tiiat it is somewhat more 
rapid changes in the velocity of the air, than the meter in the 
U only what might be exjiccted on account of the inertia of 1 
tTif^e, which ha.s no counterf»art in the measurements with the 
and which would tend to make the flow in the tube pennai 
ca^^es of the flow of fluid along a |ii|ie of greater or less 1 
p**iiilt'» for neither instrument are reduced to actual flow o 
'ibv-rvations were plottetl by Mr. Pegg>, and are preserved w 
jiaj»»-r-, but are not reprwluced here. 

^^b*ervations were also nia>.le with IIagemann*s anemomeU 
A" rin'ftitut Meteorologi(|ue Danois, l-'^Ti*) for the purpose oi 
instniment, two s[)ecimens of which were obtained for the coi 
de[i«:nd.s for its action \i\toii the diminution of pressure prodacei 
iiig over tlif; mouth of a tube, but after a few triab the instrm 
further user!. A similar principle has since been applied in 
Pressure Tul>e anemometer. 

Experiments ox Candle Flames. 
In order to be able to measure the velocity of verj- light 
air, ex|M'rim<*nts were made with candle flames. The flames 
by the air discharged from a gas holder. The actual vek 
ciirp'tit was determined by calculation of the amount of air 
the <;;is holder in a measured interval of time. Two method 
for <ilitaining the reading of the inclination of the flame. 
ni<*tliod the catirlle fonnerl a continuation of a movable arm 
over a graduated quadrant from the vertical, and the readin, 
when the flanuj exposed to the draught, and the arm support 
in line ; anrl secondly, the candle was held vertically and the 
of the Hanie measured with a clinometer. Diagram 21) is a al 
form iii th(r first arrangement. The caudle was a speim stanc 
for gas testing. The results are given in Tables XVII. and 
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Table XVil. Candle Flame Experiments. 

CLINOMETEB. PLOTTED O ON DIAGRAM 30. 





Velocity, 


from 
VenicaL 




Velocity. 


Amrie 




Velocity, 


Angle 
from 


No. 


feet per min. 


No. 


feet per min. 


VerUc*!. 


No. 


feet per min. 


Verti«iL 


1 


20-49 


7« 




67-07 


44° 


19 


85-88 


58« 




20-98 


9 


10 


5319 


32 




85-40 


56 




20-74 


9 




52-46 


32 


20 


85-89 


65 


2 


20-01 


10 




52-21 


32 




8H8 


56 




21-23 


10 




51-73 


33-5 




86-38 


64 




21-47 


10 




54-17 


39 




86-40 


66 


5 


26-80 


15 


13 


5319 


39 


29 


8711 


66 




26-35 


14 




53-19 


38 




86-38 


63 




26-35 


14 


• 


63-19 


37-5 




85-89 


61 


6 


26-35 


14 




53-19 


37-5 




86-38 


62 




26-84 
27-57 
23-18 
25-37 


14 
13 
13 

16 


14 


59-64 


47 




85-57 


667 






53-92 


37-4 


22 


9760 


58-5 












96-38 


67-5 




25-86 


16 
12-3 


14 


65-88 
61-73 
61-48 


44 
46 
45 


23 


97-60 
9rJ-62 
98-82 
92-72 
93-94 
95-16 


67 
67-5 
60 
57 


23-97 






3172 


10 




61-00 
61-73 


47 
49 


26 
28 


67-5 
60 


4 
7 


33 67 
38-06 
36-84 


10 
22 
22 


18 


65-88 


64 
47-5 


93-45 
91-01 


69 
60 


62-95 




36-60 
37-33 


22 
26 










V5-33 


58'4 


8 














34-89 


27 


15 


73-20 


45-5 


22 


100-40 


68-5 




36-35 


27 




71-98 


48 


23 


100-28 


69 




37-08 


27-6 




71-98 


48 




101-02 


60 




36-60 


33 




71-98 


48 


26 


101-26 


62 




36-60 


34 




71-98 


52 




100-40 


60 




36-60 


33 




71-98 


53 


24 


102-48 


69 




361^1 


33 


16 


71-98 


61 


27 


108-82 


60 




36^ 


34 




71-98 


49 


28 


107-60 


60 




36-60 


33 




71-98 
71-98 
73-69 


60-5 
606 
60 




108-82 
105-92 

iav5i 


61 
61 




36-14 


26-2 


17 




61-5 










73-20 
73-20 


61 
61 




103-86 


60-2 




9 
10 


48 55 
47-82 
49-00 
46-36 
47-33 
47-91 
48-31 
47-58 
49-78 


35 
31 
36 
32 
31 
32 
32 
31 
43 


21 


72-71 
73-93 
77-69 
76-61 


60 
67 
56 
56 

50-9 


27 

28 


114-49 
110-29 
110-37 
110-04 
UOOI 
113-70 
11966 


67 
62 
60 
62 
62 
68 
66-5 


73-06 






12 


85-40 


67 


31 


118 58 


72 




4270 


30 


19 


86-86 


66-6 




113.38 


64-9 




45-87 


30 




8H-13 


66 










49-78 


38 




a5 40 


66 


28 


1-20-30 


67 




45-38 


34 




86-15 


61 


26 


120-78 


61-75 


11 


49-53 


38 




85-40 


62 




120-78 


61 




48-07 


37 




85-40 


61 


31 


126-88 


75 




48-55 


37 




84-18 
86-40 
83-46 
85-88 
86-40 


60 
56 
62 
63 
64 




122-19 


66-2 




47-66 


34-2 




30 


149-33 
162-26 


65 
66 












86-40 


67-6 




16079 


66 










a5-40 


56 


' 
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Table XVHI.— Candle Flame Experiineiits. 

QUADRAirr, FLOTTED • ON OlAGRAM 30 





V«lo<5Uj, 


An (flu 




Vflloclty, 


III 


' Y»IotHj, 


ffoai 




Ifo. 


iittti pur min. 


Verti.'*L 


?fa. 


feat per mIn. 






3J 


i6-5e 


0* 


47 


42-00 


38^^ 


53 


67-35 


57^ 






^GMI 


9 


46 


4756 


41 




S7-U 


57 






16^11) 


9 


46 


478i 


46 
33 












1830 


ii 


46 




87*^ 


57 




33 


19*5^ 


13 


46 


4^-31 


SI 












19*32 


n*5 


44 


48-80 


32 












19-52 


10 


44 


49*53 


32 


53 


93-94 


56 










ism 


l0-4_ 




47-44 


36-4 




y3-47 


5B 
















54 


07-60 


60 
























9760 


58 


















93'&4 


£0 




33 


20-a5 


9-5 


46 ; 


54*90 


m 




95 89 


m 






2l>'49 


ioti 




r>fj-75 


33 




97*60 


m 




35 


20-74 


14-0 


48 


ftt)02 


45 




97 60 


m 






2245 


13 


44 


50*02 


32 


55 


mm 


m& 




51 


2^3-119 


U 




50-7^'t 


38 












2tJ'S4 


14 




55*87 


41 




96*03 


m 






2tJ*35 


14 


49 


53*68 


44'5 










36 


2S37 

25*37 


15 

HI 




53-68 
53*6H 


45 
44 










37 


2<veO 


15 




5734 


49 


55 


12200 


62 






mm 


16 










122O0 


61 


1 








^80 


16-5 




53-07 


4U45 




122-49 


62 




38 


25-37 


16 










122^X1 


61*5 










29-77 


2<J 










120-78 


62 






ii952 


20 










120-29 


62 






30'5<J 


20 


46 


6£*'54 ' 


40 


56 


124-40 


62 






29'52 


2ti 


50 


61-00 


44 




115-90 


62 
67 


39 


2(iS4 


25 




62*71 


45 




119*56 




25-62 


25 




61*97 
61-00 


46 








28-80 


26 




45 




121-05 


^ 




42 


24-90 


26 




62-46 


44 












24-90 


26 




6271 


44 


















6271 


45 












25i6 


17-6 

- 


51 


61-00 
00-50 


51 










■ 




40 


3fi60 


25 




60-50 


51 
451* 










63*57 






3611 

3611 


26 
2^ 






























3757 


25 














41 


3ft'ai 

a6^35 


26 
2*1 


51 


75*64 
75-64 


54 










3oe*j 


25 


52 


75*15 


50 








43 


33-67 

iJ4-H> 
34-05 

srrfto 


32 
32 
32 

31 




74-18 
74-90 
75-15 
75-15 


55 
56 
65 
55 








45 1 


39-00 


36 


46 


70-76 
7295 


43 

39 




^ 










3e-i7 


28-3 




74*39 


512 
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These results given in Tables XV 11, and XVIIL, ai*e represented nn 
the fol lowing curve ; — - 

Experiments on Meaanrement of Air Currents by 
Candle Flame, 1879. 

[^Noiris. — By CliDomettr ibowu tIiu* © ; hyiina^mui »howD thm • The flgttres agiJiut 
each plol itidtcat# ih« numlier of experiments Avemgod. 



:: liL. i-iziz',=tbxTJt±r. :lLr. -. zztizttz: 









■.,r.V 



Diagram 30. 



^F^ ...... 


Spur:: 


*H::^l_Sa 

S:'- '«j ! 




~ 


^Bk ° -'' - ■•tjliiiiniiilii-- 


i£>L 



^se 



''ujgil 
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///. — Determination of Wind Velocities, 



Sir Donglas Gallon had pre\'iously given in his " Healthy 
the following table : — 



Velocity of flow of Air 
Feet per second. 



Angle of inelliiAtloiii of 

flame of camdto wtth 

horiion. 



1-6 

1-0 

0.75 

0.60 

0-40 



30° 
40° 
60° 
60° 
66° 



These experiments were intended to furnish a means of < 
the lowest velocity of air wiiieh would move the cups of the sin 
anemometer. 

By the use of the method the minimum current required * 
cups was found to be 1*7 feet per second ; a walking test in 
Field's office, at 7, Victoria Street, gave 1^ feet per second. 
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PART IV.— COMPARISON OF THE FLOW 
OF AIR THROUGH OPEN TUBES. 



The Experiments nt the Hut in the Old Deer Park. 

The rogular exi>eriineiit5 at the hut in the Old Deer Park were mainly 
of three types, viz., " Upcast," '' Down-draught," and "Injector." 

In the Upcast experiments three galvanized iron pipes weix* fixed in an 
upright position so as to project through the roof of the hut and through 
the platform above it, terminating about 4 ft. 6 in. above the level of the 
platform. Three 4 -ft. lengthening pieces of zinc were fixed on the top of 
these galvanized iron pipes, and the cowl or terminal to be tested was 
fixed in an upright position on the centre pipe. The positions of the 
pipes and of the Kobinson Cup Anemometer are shown in the drawing on 
Diagrams 15 — 19, pages 256 and 261. 

In the Down-draught experiments only the centre pipe was made 
use of, and the cowl or terminal to be tested for down-draught was 

fixed on it by means of an 
elbow tubt» (figs. 8 and 9). 
This arrangement enabled the 




3 



r 







cowl or terminal to l>e inclined 
at different angles, either 
towards the wind, so as to 
represent wind blowing down- 
wards, or from the wind so as to 
represent wind blowing up- 
wards; a separate elbow tube was 
used for each different angle. 
Besides these experiments 
upon Cowls or Terminals in- 
clined to or from the wind, 
subsidiary down-draught ex- 
periments were tried upon 
Cowls or terminals fixed on a 
pipe in an upright position 
with a board at different distances behind (see p. 439). The object of 
these experiments w^as to ascertain the circumstances under which a down- 

TOL. IXII. PABT III. u 



€.5 



II 

Fig. 9. 
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draught would be caused in the pipe if the wind were obstm 
board placed in the position experimented on. 

In the Injector experiments the three upright pipes alludec 
were made use of. The Injector to be tested (whether cowl or 
was fixed in an upright position on the centre pipe so that tl 
downcast in the centre pipe and an upcast in the two outside pip 
The large majority of the tests consisted of Upcast experimi 
were of three kinds, viz., upon Open Pipes, Cowls, and Termlna 
A pipe is called an ** Open Pipe " whether it is straight or i 
course, provided that the termination exposed te the wind is 
transverse section of the pipe. For the larger number of the e: 
all three pipes were used, and they were straight open pipes 
vertically, but for the special experiments on down-drauj;ht 
pipe (the centre pipe) was used, and it was a plain open pip 
elbow about 2 ft. 6 in. from the orifice. 

A ''Cowl'* is any contrivance sold by manufacturers for the 
autematically producing or improving the flow of air in a pip 
Cowl experiments the cowl was fixed on the centre pipe, an* 
outside pipes were left plain open pii>es. 

" Terminal " is the name originally given to slight modificat 
shape of the orifice of a pipe for experimental purposes, but it 
has been extended to include more elaborate modifications of 
and appendages added for experimental purjioses. In termir 
ments the terminal was fixed on the centre pipe, and the two ou 
were left plain open pipes. 

The experiments on Open Pipes were further sub-divided ac 
the size of the pipes 3 in. or 6 in., and according te the perioc 
the experiments were tried. The reference "eftrly experiment 
to those prior to November, 1894, and "later experiments" 
subsequent to that date, when the experiments were of a more ti 
character in cousecjuence of the experience gained from the earl^ 
The line along the hut in which the pipes were placed was f 
W. to N. by E., or roughly South and North, as shown oi 
17, p. 261. For convenience of reference the South Pipe is 
referred to as Pipe A, the Centre Pipe as Pipe B, and the Noi 
Pipe C. 

The whole number of experiments at the Old Deer Park e 
about 9,000, including all experiments ou Open Pipes, Cowls, and * 
These were entered on a specially prepared form, which has beco 
as the ^^ Complete Tabulation^ In it the results are grouped ac 
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type of terminal or cowl that was the subject of exi)ertnient, and the 
form of entry is Ajmilar in the case of Open Pipeis, The tabulution pro* 
vided for the entry of the day and I»our of the exi*eriment, its dunitton, 
the teui]xerature at three pointn, tlie wind direction, the run of the anemo^ 
meter, the readings of the air meter*, the upcast velocity deduced from 
the readings of the air meters by the itandard curves already described 
with a column for remarks indicative of special circumstances that were 
noticed at the time of the experiment. 

In the case of Open Pipe exi>eriments columns were provided for the 
mean of the outside pipes A and C, and for the percentage difference 
between that mean and the reading of the pipe B, which was called the 
atandard. The form of the tabulation was slightly modified to providu for 
the case of Cowls and Terminals. A specimen of the Complete Tabulation 
of ex|jerimentii on one particular form of terminat, vi:si., that which gave 
the best average numerical result, is reproduced in a later section of tliis 
rejK>rt^ p. 3^)6, and may be referred to as indicating the modification of the 
form of the complete tabulation for cowls and terniiuals. 

Of the 9,000 experiments a very considerable number were rejected by 
Mr. Roger!* Field, some in accordance witli general rules laid down, and 
others after {>er!ional inspectioiu So far as Open Pipe experiments are 
concerned, the general principles were to reject (1) all later experiments 
which CO rres ponded with an anemometer reading below nine revolutions of 
the cups per minute, (2) experiments in which the upcast velocities in the 
pipes A and C showed a difference of 10 per eeui. Besides experiments 
rejected on these grounds, a number were discarded because tla^y were 
regarded at the time as being for some reason unsatisfactory. The cause 
of rejection is giveu in each case in the remarks column of the Complete 
Tabulation, Of the 1,037 experiments on open pipes 238 in all were 
rejected, 15 on account of the low velocity of the wind, U8 on account of 
the difference between the readings of the outside pipeii, and 1 55 at the 
discretion of the experimenter subsequently confirmed by Mr. Kogers 
Field. 

The Complete Tabulation of the exi>eriment3 on Ojien Pipes contains the 
results of the upcast experiinenta, the down-<iraught tests with pipe 
inclined from the vertical, anil the tests for dQWU-dranght due to a bo;trd 
behind the tenuinal. 

An index number was given to i*ach experiment sis a means of reference 
liecauije the claij^^i Heat ion of the results necessitated the averaging of large 
numbers of experiments taken on various dates. From the recorded 
revolntione of the Robinson cups during the interval «f each experiment. 
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the run of the cxi[n in feet per minute was determined and eiH 
table. The *lirectii>n of tiie whui wii^ entered a.^ in tlie origin 
many cases verified by comparisun with the wind records at the I 
vatory as exjilaiiied lat^r. The registratluu shtiwn on the dinl o 
air meters which recorded the upcast in tlie three [lipes vvus l 
means of the Standard Carves^ Diagrams 5 and 6, p. 235, i 
method described on p. 233, to actual veh*eity in Hneal feet i>el 
3-in* pipe. The percentage differences between the mean up 
two outside pipes and that hi the centre pipe M*ere then c^lci 
bringing the whole of the open pi]K^ tests on to a comparable bai 
Only a few Oju^n Pipeexperimtnts were made for down-dr^t 
results were entered on a specially prepared form of tabulatic 
be referred to in Part V. of the rejx^rt, 

Wind I/ireetion, 

In order to determine the direction of the wind in the 
the experiments, a H^ht flag of cotton waste fibre was used. ♦ 
was attached to the top of an h*on rwl wliich stood on a com|i 
and the whole ap[>aratus was placed al>out 20 feet away fron 
on the windward side. A similar contrivance was also BKi 
platform abo^-e the Hut at the North end of it. The direct 
latter case was identified by landmarks taken from the Orchii 
For carrying out the experiments the duty was divided be(j 
obser^^rs, one insitle the hut who read the air meters, and I 
outside who determined the direction of the wind. If therfl 
difference exhibited between the Hag on the Hut and that on d 
the indication of the former was adopted* I 

In order to check the determinations of w^ind direction, ihi 
tions in about 1,500 cases were compared with simultaneous 
the anemograpli at Kew Observatory, The cases originally & 
comparison were those in which there were abnonnal differences 
in the upcast readings. Later on it became the practice to keei 
comparison between the Observatory readings and the observati* 
Hut. In all 3,00U such additional wind readings were taken, T 
was continued until the death of Mr, E. Dagwell, a member ui 
of Kew Observatory, made it impracticable to continue the compf 

There are a few cases in which the observations at the Hut c| 
those at the Observatory by as much as two points of the corapm 
On one occasion with a light wind tijere was as much as 90'^ of 
between the two, but for the most part the agreement between 
ings at the two stationE was quite satisfactory. 
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In those cases where there was any important difference, the reading 
was corrected in accordance with a code of rules drawn up by Mr. Rogers 
Field, or the cases were referred to Mr. Field for decision. It may be 
understood that the wind directions are not held to be accurate to within 
one point of the compass. 

Results of the Open Pipe lests. 
The initial question to which the Committee applied themselves was to 
determine in what way an Open Pipe Standard could best be obtained with 
which to compare the upcast velocity in the centre pipe when a cowl or 
terminal was placed upon it. To do this it was necessary to ascertain how 
the upcast in the central Open Pipe could be inferred from the upcasts in 
the two outside Open Pipes. For this purpose a comparison was made 
between (1) the upcast velocity in the centre pipe B corrected by means of 
the revised standard curved described at pages 235, 236 and 265, and (2) the 
mean of the upcast velocities (similarly corrected) in the two outside pipes 
A and C, and the differences per cent, between the two were calculated for 
the early experiments. The percentage differences were entered in separate 
columns on the sheets of the Complete Tabulation according to whether 
they were positive or negative. As they were very irregular, tables were 
prepared in which the differences per cent, were arranged according to the 
direction of the wind, and all the differences, positive and negative, 
were averaged algebraically for each point of the compass. The manner 
in which these tables were prepared will be seen from the appended 
example : — 



E. 


E. by 8. 


I E.S.B. 


Index No. of 


Differenoe 


Index No. of 


'■ Difference 


1 lnd«No. of 


Difference 


&cperiment 


percent. 


Expeiiiuent. 


1 per cent 

1 


i Experiment. 


percent. 


36 





330 


__2 


' 460 





37 





331 


-2 


1008 


-3 


38 


-1-1 


334 


-4 


1383 


-hi 


41 


-2 


^36 


-3 


1384 


-h2 


42 


-2 


338 


-4 


1397 


-hi 


43 


-1 


340 


-2 


1474 





44 


-2 


479 


-2 






45 





482 









4« 


-1-1 










47 


-1-1 










176 













3(13 


-1-4 










2(\8 


+6 










312 


-1-7 










342 













313 





1 


i 






402 











1 


408 


-hi 










411 


-hi 










1340 


-h3 










1341 


-h4 




1 






1618 


-I 










19dl 


-3 




1 


1 




23 Ezpmts. 


+0-8 


8 Expmts. 


-2-4 


6 Ezpmt9. 


-hO-2 




Mean 




Mean 


i 


Mean 
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The average differences, both of the 3-In. and of the 6-ul 0| 
experiments were then plotted in compass form upon the f 
diagrams : — 

3-iiich Open Pipe Experiments; all three Pi] 

(Excluding Experiments in which the Upcast of A and C diffi 

more than 10 per cent) 

Diagram showing difference per cent, between Upcast* of Pipe B stai 

that of mean of Pipes A and C, arranged according to direction of \ 




The outer circle repreflents the standard (Pipe B), and the inner circle repreei 
of differenced per cent, from the standard. 

The full circle joined by dotted lines represent the actual avera^ dififerenc 
between B and mean of A and C. The fifrures in circles represent uie number 
ments from which the averages are obtained. I'he figures outside the pointe 
shew the corrections adopted for that segment, and the small figures oelow 
rections give the number of observations included. 

* Upcast velocity feet per minute (corrected) 
Diagram 31. 
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Diagram 32. 
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The average percentage differences were found to varj so mac 
special investigation had to be made to ascertain the cause of tt 
tion. With this object the percentage ratios of upcast in the thi 
were calculated, taking Pipe B as 100, and entered in two three-pi] 
Compass tables in which the ratios were arranged according to tb 
tion of the wind, with a subsidiary arrangement according to the 
or + of the percentage difference, as shown by the following extn 
the tables : — 



19 



20 



Index 

Number 

of 

Experiment. 



Pipe Three inches Internal Diameter. 



Upcast Velocity (corrected). 



Pipe 
A 



Pipe 

B 



Pipe 
C 



Batioa. 



70 
124 

208 

423 

787 

792 

799 

883 

884 

903 

1060 

1295 

1351 

1373 

1402 

1468 

1507 

1944 

Means 

205 
218 
421 
422 
1372 
1943 

Means 



314 


316 


279 


281 


241 


243 


154 


155 


159 


159 


201 


206 


171 


172 


339 


333 


329 


323 


372 


368 


220 


219 


288 


297 


84 


83 


140 


144 


165 


167 


291 


296 


95 


92 


253 


258 


559 


535 


165 


173 


238 


247 


187 


189 


165 


167 


190 


196 


496 


522 



322 

287 
248 
164 
159 
217 
183 
356 
3;i6 
372 
221 
311 

86 
151 
169 
317 

92 
263 
560 



99 

99 

99 

99 

100 

98 

99 

102 

102 

101 

100 

97 

101 

97 

99 

98 

103 

98 

104 

99 



173 
252 
187 
167 
196 
514 



95 
96 
99 
99 
97 
95 



100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 



100 



100 
100 
100 
100 
llX) 
100 



I 97 



1(J0 



102 
102 
102 
106 
100 
105 
106 
107 
104 
101 
101 
105 
104 
105 
101 
107 
100 
102 
105 



103 



100 
102 

99 
100 
100 

98 



100 



22 



CoL 19 dl 

from Col 

per oei 



NOTB.— The Numbers at the head of each Ck)lumn are taken from the Complete TaboUtl 
which CoL 21 is the mean of Col. 18 and Col. 20. 

Experiments in which the difference in the upcast between A 
exceeded 10 per cent, were rejected: the remaining ratios we 
entered at each point of the compass on the following Diagrams, 
and 307. 
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In order to obtain more reliable average differences and ratios from a 
larger number of experiments at each point of the compass, the results of 
the differences for the 3-in. and 6-in. pipes were combined in one table, 
and the ratios for the two sizes of pipes on another separate table. The 
system of this combination is indicated in the case of differences by the 
following example : — 



1 

1 


aw. by 
"W. 


W.aW. W.byB. 


Number of Experimento averaged : ^J°' 


5 
2 


25 
4 


3 


Total 


7 


29 


4 


Algebraical sum of differences per cent : ... ^||J ' 


- 8 

- 2 


-22 
- 1 


-3 
-.5 


Total (Algebraical) 


-10 


-23 


Average of differences per cent., 3-in. & 6-in. combined 


- 1-4 


-0-8 


-1-3 



The averages of the combined 3-in. and 6-in experiments, both in the 
case of differences and of ratios per cent, were then plotted on the 
following Diagrams, 308 and 309, in compass form. 

A similar method of combining the 3-in. and 6-in. experiments was 
adopted in the case of the ratios, as shown in the extract, given on 
p. 310, from the corresponding three-pipe Ratio Compass Table, in 
which Pipe B was taken throughout as 100. 
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3-iiich Open Pipe Experiments; all three Pipes. 

{Excluding Eaperiments in which the Dpcaat of A and C differs by 

more than 10 per cent) 

Diagram showing Satios of Upcast of Pipes A, B, and C, arranged according 

to direction of wind (see Note below as to subsidiary arrangements). 




The Upcast of Pipe B is taken as 100, and the figures written below and written above 
the 100 represent the Upcast-s of Pipes A and C respectively, thus : — 
(103 C Pipe. ,^, * p.^ 

ilOOBPi^. ^^^ ^^P®- 

Sltbsidi\rt Arrangements. — The groups of figures nearest the numerals in the 
circles inside the compass ring show Batios of Experiments which have a minus percentage 
difference in Cols. 22-23 of complete tabulation, t.e., those in which the Upcast [in the 
centre pipe is less than the mean of the two outside pipes. '-''^QZ 

The additional groups of figures nearest to the numerals in small circles outside the 
compass ring show Ratios of Experiments which have a plus percentage difference in 
Cols. 22-23 of complete tabulation, i.e.^ those in which the Upcast in the central pipe 
exceeds the mean of the outside pi]>es. 

Diagram 33. 
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3-inch and 6-inch Open Pipe Experiment 
Differences. 

(See Heading, Diagram 31). 




(See Foot Note, Diagram 31, p. 302). 

Diagram 36. 
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w. 



Pipe 

A 



Pipe 
C 



Number of Experiments averaged: 
Number of Minus Experiments 



Total 

Number of Plus Experiments 

Total 



d-in. 
ft-in. 



S-in. 
a-ixL 



W. by H. 



Pipe P^^ 
A C 



Totals of Ratios: 

Minus Experiments (Totals) 

Total 

Plus Experiments (Totals) ... 

Total 



3-in. 
6-in. 



3>in. 
6-in. 



9 

41 

2 






w:: 



Pipe 

A 



3209 
912 



4121 



195 



195 



3307 
937 



4244 



201 



201 



305 



305 



302 



1728 
197 



302 1925 



97 
"97 



Averages of Ratios, 3-in. & 6-in. combined : 

Minus Experiments 

Plus Experiments 

(Total number) 1 

General Avenge (taken from Totals) -}- & — | 

combined 100 



101 
98 

(4 



104 
101 



102 



101 



3) 



(3) 



103 



102 



101 



101 
97 

c 



101 



A separate investigation was next made into the cause of the j 
percentage differences. For this purpose two special summaries 
])erimcnts with 3-in. pipes were prepared, showing the ratios of up 
the three Pipes A, B, and C, taking B as 100. In one of these sum 
experiments with both negative and positive percentage difiference 
inchided, and the ratios were arranged according to the direction 01 
and secondly according to the sign and magnitude of the perc 
differences, somewhat similarly to the ratio table shown on page 304 

In the other summarv only experiments with the positive perc 
differences were included, and these were arranged according 
magnitude of the i)ercentage differences irrespective of the direcl 
wind. A synopsis of this table is given in following table. 
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1 Cflotre Pipe 

' diffeit from 

Maftnof 

OaUide 


No. of i 

Experi- 

menta. 


B. Bide of Comp 
N.'W. through E. t 
B«Uoe. 


aet 
o8.IL 

C 


No. of 
Experi- 
menia. 


•W. Bide of CompMs, N. W. by 

W„ through W. to 8.B. by 8. 

Batioe. 


1 Pipes 
percent. 


A 


B 


A 


B 


1 
C 


4-1 
4-2 
4-3 
4-4 
4-6 
4-7 
4-8 


16 
8 
4 
7 
5 
3 
2 


100 
100 
99 
101 
KtO 
98 
98 


100 
100 
100 
100 
100 
100 
100 


98 
96 
95 
91 
89 
S9 
87 


10 
6 

1 


98 ' 100 
95 ; 100 
95 100 


100 

102 

98 



On carefully examining these results and comparing the ratios of the 
upcast velocity in the two outside open Pipes A and C for different points 
of the compass, there was no striking difference between the ratios in the 
case of experiments which give the positive percentage differences for the 
mean of A and C against B and those in the case of the negative per- 
centages ; the consideration of the ratios of the upcast velocity in the two 
outside pipes accordingly threw no light on the cause of the positive 
percentages. The ratios of the two outside pipes did not however appear 
to follow any regular rule, and it was clear that the experiments dealt with 
in the investigation were for most points of the compass too few in num- 
ber for any reliable conclusion to be drawn from them. 

In order to throw additional light upon the relation of the upcast in 
the pipes, it was decided to make use of the experiments in which only 
two open pipes were used (the centre pipe having a Cowl or Terminal 
on it). 

In order to distinguish the two different kinds of open pipe experi- 
ments, the following nomenclature was adopted : The experiments upon 
three open pipes (no Cowl or Terminal on centre pipe) were termed 
*' Special " Open Pipe experiments, as they were tried specially to obtain 
results for Open Pipes. The experiments upon two open pipes (where 
the centre pipe had a Cowl or Terminal on it) were termed " Incidental " 
Open Pipe experiments, as they only incidentally yielded results for Open 
Pipes, their primary object being to obtain results for Cowls and Terminals. 
The total number of " Special " and " Incidental " Open Pipe experiments 
used in the preparation of the comparison of upcasts in the two outside 
pipes was nearly 4,000. 

To obtain the ratios of the upcast velocity in the two outside pipes 
from the " Incidental " Open Pipe experiments, a different standard had to 
\^ taken from that used in the three-pipe Ratio Compass Tables. 
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Ill the Ratio Compass Tables the upcast velocity in the centre pipe was 
taken as the standard, but this standard could not be adopted in the 
" Incidental " 0[)en Pipe experiments, as the centre pipe was not a plain 
open pipe, but had a Cowl or Terminal on it. As what was required in the 
** Incidental " Open Pipe experiments was the ratio of the upcast velodtr 
in one outside pipe to that in the other, Pipe A, which came first in 
other tabulations, was for convenience selected, and the upcast velocity in 
it taken as 100. 

The results of the early *' Incidental " experiments were entered in i 
table in which the ratios of upcast in Pipes A and C, taking A = 100, 
were arranged according to direction of wind. The upcast results were 
obtained from the Complete Tabulation (see p. 396) and the ratios cal- 
culated. As a specimen of the construction of this table, the following 
single wind direction W. by S. has been selected : — 



Bomftn 

Figure on 

Complete 

Tabolatlon. 



I Index Number 
I of 

Experiment 



Pipe 8-in. Internal Diunetar. 



12 


98 


13 


2002 


13 


2003 


15 


1998 


15 


1999 


15 


2001 


16 


419 


•Jl 


235 


21 


236 


22 


237 


22 


238 


24 


1176 


25 


240 


43 


1297 



UpcMt Velocity, 
feet per minato. 



Pipe A 



143 
207 
262 
275 
220 
201 
246 
186 
214 
208 
201 
215 
204 
283 



Pipec 



143 
196 
249 
262 
208 
192 
240 
202 
234 
•222 
220 
222 
221 
297 



Peroentago 
Batio. 

Plpec 
Pipe A 



14 Experiments .. 



100 

95 

95 

95 

95 

96 

98 

109 

109 

107 

109 

103 

108 

105 



102 



These diagrams showed very remarkable results as regards the ratio oi 
upcast velocity in the two outside pipes : 

(1) The early *' Incidental" Open Pipe experiments agreed substan- 

tially with the later ones. 

(2) The variations in the ratios were fairly regular. 

(3) The variations were greatest with directions of wind which 
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prima facie would not have been considered likely to give 
large variations in the relative upcast of the two outside 
pipes. 

As the results (1) and (2) showed that the ratios of upcast velocity in 
the two outside open pipes in the case of the " Incidental " Open Pipe 
experiments were quite reliable, the Committee considered it desirable to 
ascertain whether the same variations would obtain in the " Special *' open 
pipe experiments. The "Special" Open Pipes were therefore similarly 
treated (see Diagrams 37 and 38), and the whole of the results of the 
early and later ^* Special " and " Incidental " Open Pipe experiments were 
entered in the following ** Summary Table of Ratios of Upcast in Two 
Outside Open Pipes, A being taken as 100" (see Tables XIX. to XXV). 
All the Special Elxperiments were then plotted on Diagram 39, and all 
the Incidental Experiments on Diagram 42, and then the complete results 
combined on Diagram 43. 
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Table XIX.— Eatios of Upcast in Two Outside 
Open Pipes. 

Calculated from Early Special Experiments (previotu to Marek^ 1894) on a 

Three Open Pipe*. 

3-inch. 

Note.— The Totals of Ratios in Cols. 3 and 4 are obtained from the figoreB foi 
d-in. Pipes in *' Open Pipes, Special Experiments, all three pipes, Early Experime 
by adding the totals of 3-in. Ratios for + and — Experiments (ignoring sign). 

The results in Cols. 6 and 6 are calculated from Cols. 3 and 4 by taking Col. 3 as 1< 



3 



I 



Wind 
Direction. 



ToUlB of 



«8. 



ATenige 

Pipes "100. i /£2«V*5^ 
(See^no^teaboTe.)| ^^^^^^^ ^ 



Wind 
Direction. 



Totftla of 

Bfttiol^ taking 

Pipe B M 100. 

(See note Abore.) 



A 


C 


A 


1742 


1712 


100 


421 


430 


100 


609 


491 


100 


312 


293 


100 


1238 


1214 


100 


317 


301 


100 


904 


876 


100 


2305 


2258 


100 


830 


808 


100 


606 


590 


100 


198 


207 


100 


312 


301 


100 


300 


298 


lOO 



Afsni 

BatkM 

OntaldeP 

(8m nc 

above 



N. 

N. bv E. 

Line or Pipes 

N.N.E. 
N.E. by N. 

N.E. 

N.E. by E. 

E.N.E. 

E. by N. 

V 

E. by S. 

E.S.E. 

S.E. by E. 

S.E. 

S.E. by S. 

S.S.E. 

S. by E. 



17 
4 

5 
3 
12 
3 
9 

23 
8 
6 
2 
3 



102 

96 
94 

98 
95 
97 

93 
97 
97 
105 
96 

99 



8. 

8. by W. 

Line of Pipes 

S.S.W. 
S.W. by S. 

S.W. 

S.W.byW. 

W.S.\^. 

W.^S. 

W. by N. 

W.N.W. 

N.W.byW. 

N.W. 

N.W. by N. 

N.N.W. 

N. by W. 



10 
16 



1032 
1728 



4 


418 


13 


1336 


60 


6063 


5 


608 


25 


2476 


3 


307 


34 


3404 


3 


305 


17 


1728 



10 
2 

14 
2 



1013 
207 

1430 
204 



1003 
1686 

407 
1337 
6167 

607 
2664 

297 
3608 

302 
1766 

997 

201 

1405 

205 



100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
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To lUuMirate Table XIX. 




Diagram 37. 
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Table XX.-Eatio of Upcast in Two Outside 
Open Pipes. 

Calculated from Lateb Special ExperimtnU {to 16ih August^ 1897 only), 

all Three Open Pipet. 

3-inch. 

NoTB. — The figures in Cols. 2, 3, and 4 are taken from the red figures in " Open i 
Si>ecial Experiments, all three Pipes, Later Experiments." 

The results in Cols. 5 and 6 are calculated from Cols. 3 and 4 by taking Col. 8 as ! 
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IV.— Flaw of Air thrauffh Open Tubes. 



Table XXL— Batios of Upcast In Two Outside 
Open Pipes, A being taken as 100. 

Calculated from Both Ea.elt and Lateb Special ExperimenU 
(to 16th August, 1897, ofJy). 

3-incli. 



V mu I* • n 1 fr 1 1 4 ^ *i n X n (Col. 2xCol. 3)+(Col. 4xCo: 

NoTR.— The result* in Col. 7 are calculated thus: Col. 7=^ Col 2+C61 4 
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To lUuttraU Table XXL 




Diagram 39. 
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IV.— Flow of Air through Open Tubes. 



Table XXH.— Eatios of Upcast in Two Outside 
Open Pipes. 

Calculaied from Eably Incidental Experiments (previous to March^ 1S94X 
on Two Outside Pipes only, 

3-inch. 

Note. — The figures ia Cols. 2, .3 and 4 are taken from the red figures in *' Open Pipes, 
Incidental Experiments, Two Outside Pipes only. Early Experiments." 
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To lUuttraU Table XXII. 




Diagram 40. 



> 
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IV.— Flaw of Air through Open Tubes. 



Table XXIII,— Eatios of Upcast in Two Outside 

Open Pipes. 

Calculated from Latsb Iwcidkntal ExperimenU {to 16ih August^ 1897, mdy) ^ 

on Two Outiide Pipes. 

3-incli. 

Note.— The figuree in Cols. 2, 3 and 4 are taken from the red figuree in ''Open Pipes, 
Inddental Experiments, Two Outside Pipes only. Later Experiments.** 
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To lUuMtraU Table XXIIL 




Diagram 41. 
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IV. — Flaw of Air through Open Tubes. 



Table XXIV.— Eatios of Upcast in Two Outside 
Open Pipes. A being taken as 100. 

Calculated from BOTH Easly akd Later Incidsntal ExperimenU 
to 16ih Auffurt, 1897, only. 



3-inch. 



NOTB.— The resulta in Col. 7 are calculated thua: Col. 7= 



(Col. 2 X Col. 8) -f (Col. 4 X Col. 5.) 
Col. 2 + Col. 4. 
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IV. — Flow of Air through Open Tubes. 



Table XXIV.— Eatios of Upcast in Two Outside 
Open Pipes. A being taken as 100. 

Calculated from BOTH Eably akd Lateb Incidsntal EaBperimmU 
to 16th August, 1897, only. 

3-inch. 



NoTB. — The results in Col. 7 are calculated thus: Col. 7= 



(Col. 2 X Col. 8) -f (Col. 4 xQ 
Col. 2 + Col. 4. 
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IV. — Flaw of Air through Open Tubes. 



Table XXV.— Eatios of Upcast in Two Outside 
Open Pipes. A being taken as 100. 

General Summary of Both Special ahd iNCiDBirrAL ExperimentM 
(to 16th August, 1897, only). 

3-incli. 



NoTB.— The resulU in Col. 7 are calculated thus: Col. 7: 



(Col. 2xCol. 8)+(CoL 4xCoL 5> 
■ Col. 2+Col. 4. 



5 I 6 



All 
ipedal. 



; Wind 
I Direction. 






So 



All 
incidental. 



AlUpedftl 

and incidental 

combined. 

(See note 

above.) 



r.i 



^1 



AU 
■pedal. 









wind 
DireciioD. i 

I a 



AD 
inddentaL 



I AUtpaoiAl 
andtncidepf]. 



(See note 
above.) 



It 







N. I 
' N.N.E. 
N.B.bvN.' 
: N.ft. ' 
N.E.byE. 
; E.N.E. ; 
I E.byN. ' 

1 E. by S. ; 
I E.S.E. ' 
S.E. by E. 
I 8.E. 
I S.E. by S. 
, S.S.E. I 
, S. by E. I 



98 

98 

96 

97 

95 

96 

98 

98 

98 

98 

103 

99 

100 

100 

100 



54 

34 

61 

107 

28 

92 

80 

193 

138 

61 

25 

32 

15 

26 

8 



100 


8bI 


101 


45 


97 


74 


96 


131 


95 


36 


96 


108 


97 


86 


97 


230 


99 


159 


99 


72 


100 


31 


100 


40 


100 


16 


101 


34 


101 


10 



99 

100 

97 

96 

95 

96 

97 

97 

99 

99 

101 

100 

100 

101 

101 



S. 

S.S.W. 

8.W. by S, 

S.W\ 
aW.byW 



W. by 



s. 



W. by N. 

W.N.W. 

N.W.byW. 

N.W. 

y.W.byN. 

N.N.W. 

N. by W. 



11 


97 


18 


97 


4 


97 


83 


101 


26 


102 


176 


103 


69 


103 


269 


105 


34 


102 


188 


105 


44 


104 


262 


104 


81 


102 


217 


102 


52 


108 


373 


103 


13 


99 


168 


100 


30 


100 


193 


100 


11 


98 


122 


97 


21 


97 


151 


97 


9 


96 


71 


96 


21 


97 


99 


97 


10 


98 


83 


98 



29 

37 
202 
838 
207 
806 
248 
425 
181 
228 
188 
172 

80 
120 

48 



; ^7 

101 

I 103 

105 

105 

104 

102 

' 103 

< 100 

100 

97 

»7 

96 

97 

98 



328 



IV. — Fhw of Air through Open Tubes. 



Finally, as the result of the above comprehensiye work, the Committee 
decided that a fair standard with which to compare the upcast velocity in 
the cowl or terminal tested could be obtained from the mean of the upcast 
velocities in the two outer pipes if a small percentage correction were 
applied to this mean. This correction was generally minus two per cent, 
but for W. by S., W.S.W., and S.W. by W. winds, minus one per cent, 
was adopted, and in the case of RN.E., E. by N., and K winds, no 
correction was applied; there were also a few exceptional days when 
special wind corrections had to be decided upon. 

Experiments on varying the height of tubes. 

The next question investigated by the Committee was the effect pro- 
duced upon the upcast in the tubes by altering the height of the tubes. 
Experiments of this description were made at the Verification House close 
to the Observatory. 

A ground plan and two cross sections of this Verification House are 
shown on diagrams 44 and 45. It should be observed that the longer 
axis was from E.N.E. to W.S.W. 

Veiiflcation House, Kew Observatory. 
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Diagram 44. 
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Diagram 46. 



TOL. XXU. PiiBT ni. 




WMW. 



Through the roof of the hnildtng four iron tul^s 6 ins. in diameter aad 
12 ft long were fixed so as to project about 2 ft., karing about 10 ft* 
within tiie buildiiii:. The lower ends were fixed to a woorieii l>encb. 
Four 3-in, air nitftirf^ ^upport^^d on a suitable table were place* I, for tlie 
3-10, experiments, under the lower ends of the tnbe^ and converging 
pieces of zinc wen* made to reduce the l»-in, iron tubes to the 3-in* air 
meters, the ttiamt-tt^r of the inside ring of which was 2*7 inches. The air 
meters were controlled hy two oi>erators bj means of wirea so as to start 
and stop the instruments simultaneously* The duration of each experi- 
ment was HBcertaiued by a chronometer, and the temperature inside and 
outside the building taken. At the Eastern end of the Verification House 
a Bobinson Cup Anemometer^ i-ft, diameter from centre to centre of 
cups, was set up t<T record the velocity of the wind* 
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IV, — Fiow of Air through Open Tt^e^, 



At the Verification House experiments on heightening of the pi 
were made in 1881 with 6'1-in* air meters. These tests were avera^ 
in blocks of three experiments or more, and the ratios of pipes No 
and 3 calciilated, pipe No, 1 being taken as the standard = ITO. * 
results were sort^jd according to the direction of the wind and plotte< 
Diafirraras 46 and 47 1 — 



The mejiaurementa ihow contiderAble differencieB between individual aipenmi 
Th© folio wiQg Table indicatea the extent of the variationa. In the early Inddil^ 
Ex^Mnmenta the folio wing dif!erenee9 ware ahown in the ratios of Pipe C (te* Ai 
Paper, No, 45):^ 
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The later iQcideotal Experiments showed the following differencei 
Paper. No. 4G) :— 
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Other experiments with a similar object were subsequently made at 
Hut in the Old Deer Park. _m 



A description of the construction of the Hut and of the apparatus 
is given on page 259. The experiments made there to ascertain th« 
of heightening the pipes were of two types. 
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The first type consistetl of open pipe experiments with a flat roof, In 
which the orifice of the pipe was 1 ft-, 2 ft., 4 ft, 4 ft* 7 in,, 6 ft,, «nd 
10 ft, 9 in. respectively above the level of the platform repreannting the 
flat roof. Preliminary trials were made on short open pipes 4 ft. 7 in- 
above platform, with all three openings at the same level. To institute a 
comparison of their results with those of the long open pipes 8 ft 3 in- 
above platform, the difference per cent, between the npcast of the centre 
pipe and the mean of the upcjists of the outer pipes was calculated. In 
this comparison the short open pijies were treated in the same way as the 
early exi^eriments on long open pipes, t>., the only exjieriments regulai^ly 
excluded were those in which the outer pipes differed by 10 per cent. ; in the 
later open pipe experiments, those with light winds (below nine revolutions 
per minute of the cups of the anemometer) were also excluded. The great 
irregularity of the early experiments on sliort o|Kni pipt*s (so far as 
difference per cent, between centre pipe and mean uf outer pipes is 
concerned) will be seen by the following comparison with the results of 
the early experiments on long open pipes : — 
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Tlje preliniinary trials were then tabulated in a similar form to that in 
which the regular experiments had been, and the ratios of upcast in the 
two outside open pipes calculated, taking Pipe A = 100> 

From a general examination of the above results, the ratios appeared 
to be different in short pipes from what they were in long pipes. 

The experiments on the effect of lengthening G-in. pipes at the 
Verification House in 1881 showed that in the case of short pipes the 
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pip© against which the wiud first struck had a greater upcast tha 
other pipes, but with lang pipes the reverse was the case. 

The prehminary trials on short 3-in» open pipes at the Hut In 
compared with the early long open pipes showed the same thing, onl^m 
less degree. ^M 

Experiments were also carried out at the Hut with the outside pip 
len^hened to 10 ft 9 in* above platform. The results were tabulated an 
averaged, and were found to practically agree with the results ubtainc 
from experinients in wliich open pipes of the usual length, 8 ft- 3 in. 1 
8 ft. 7 in. above platform^ had been tried. ^m 

Tlie results of experiments in which the orifice of the centre pip^l 
1 ft, 2 ft, or 4 ft., and outside pijies 8 ft. 7 in. above platform, are shovi 
in Table XXVL on page 338* 

The second type of experiments upon the effect of lengthening pip 
consisted of experiments with a sloping roof, the object being to ascerta 
how open pipes acted when placed close to the ridge of a sloping roof \ 
compared with the same pipes extended so as to show a long vertic 
shaft, SimiLar experiments were made at the same time upon a fe 
terminals and one form of cowl, and the results of these ex|>eriments a 
included on p. 444 with those of the open pipe experiments. 

Some initial tests were made by fixing on the platform a sloping scre< 
on each side of the centre pipe at an angle of 52 degrees from tl 
horizontal. This screen consisted of a wooden frame 6 ft. long^ set wii 
ends equidistant from the centre pipe and covered %vith American clot 
The outside pipes remained at their usual height, 8 ft* 3 in. to 8 ft 7 1 
above platform, but the centre pipe was fixed 4 ft 7 in. above the platfori 
or 2 ft. above the ridge which surmounted the original platform. The co' 
and terminals selected for trial were of two kinds, the one having an op 
base and the other a closed base. Those with a closed base were i 
ordinary open pipe, a well known form of cowl, and an oi>en pipe wi' 
enlarged end so as to form a solid cylinder with a pipe through the cent 
and a conical bottom. The form with open base consisted of a sinj 
lon\Te, with inverted rain-gauge cap superposed (see Diagram 81 j p. 43 
fig, BZ). 

The results showed that the upcast was considerably affected by tl 
angle at wdiich the wind struck tlie screen. The plain open pipe whid 
when placed on a long vertical shaft gave an efficiency of KM), w 
reduced to '80 } the cowl w^th a nonnal efficiency of '99. was reduced 
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•76 J and the terminal with open base, wliich gave an efficiency of 1'3 
a shaft, was reduced to '98* From a close observation of the dial reading 
bj the operator simultaneously with an observation of the variation in th 
direction of the wiudj cousiclerabk' difference in the efficiency was nota 
accoiNiing to the angle at which the wind struck the sloping roof. 

For the regular experiments, two larger sloping roofs constructed i 
matchboard 7 ft, 9 in. in length were substituted for the screen abov 
described. As the edge of each sloping roof projected beyond the outlii! 
of the stage, wooden supiK>rts were bolted to the platform to receive tl 
roof in use. The outside pipes were raised 2 ft 6 in. higher than wli€ 
working without roof for two reasons, fii-stly to insure the upcast in tl 
pipes being uninfluenced by the roof, and secondly to admit au unobstructl 
length of pipe equivalent to the length when working without roof. Tl 
details of these constructions will be seen from Diagram 48, p. 335. 

Experiments were tried with the centre open pii)e 1 ft., 2 ft,, 4 fl 
and 6 ft, above the ridge of roof at 30 degrees in winds varying frcx 
N.W. hy N. to S.W. by S, only. These experiments were averaged^ at 
their results entered in a table. The average ratios between the cent 
pipe and the mean of the outside pipes varied from 92 per cent, when tl 
wind blew at right angles to the ridge to 1 10 per ceut. when wind blew ] 
an angle of 45 degrees to the ridge, Tlie experiments indicated that whi 
the centre pipe was raised the variation in the ratios became less, i 
shown in the appended Table XXVI.j p, 338, 

The two roofs, i.e., at angles of 30 degrees and 52 degrees were th 
compared to ascertain which angle affected the efficiency of the open pi] 
more, when it was observed that the latter produced the greater chanj 
with winds about at right angles to the rtdge of the roof. The ro 
at a slope of 52 degrees from the horizontal was therefore selected as t] 
one upon which to carry out the tests upon cowls and terminals, f^^ 

As open pipe tests were required both to correct the slopin^ra 
experiments on cowls and terminals for the particular angle correspondii 
with individual wind directions, and also to form a standard with which 
compare the upcast in the cowl or terminal, experiments with plain op 
pipes one foot above ridge of roof were usually made on each day prior 
proceeding with the regular work. These open pipe tests were collects 
calculatious made of the ratios of centre pipe to mean of outside pipes, m 
the results entered accordhig to direction of wind and averaged in a J 
in the following form : — 
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The results were then plotted on diagram 50 (p. 339). 



Experiments upon plain open pipes at heights other than one foot 
above the ridge of the roof are dealt with in the next Part of this 
report. 
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PART V,-EXPERIMENTAL RESULTS 
FOE TERMINALS AND CO^WTiS. , 

Introductory NoU on the ExperimmU on the ^^ Efficiency ^^^ 
Cowh and Terminals, ^_ 

It was the intention of the Committee to assign a numberj or a sefiei 
numbers as miglit be fonnd necessary, to indicate the efficiency of the Ci 
or Terminal under considerationp The numbei^ were to indicate the eff 
of the terminal or cowl upon the flow up a 3-in, pipe. The efficiencj 1 
to be indicated by the factor by which the computed rate of flow up ' 
plain open S-Iui pipe must be multiplied in order to gi^e the flow wh 
had been observed to take place up the pipe when surmounted by the C 
Of terminal under identical conditions. In considering the apptieation 
this method, it will be well to consider briefly the conditions govern 
tlie flow of air up a pipe under circumstances similar to those prevmlin| 
the Hut, and it will be seen that the effect of a Cowl or Terminal can 
usually be regarded as being completely dealt with by a single faetor] 
series of factors, representing efficiency even for a single set of conditj 
as to the direction and force of the wind under which the flow takes plj 

We may premise that the flow of air along any particular pipe depe 
upon two conditions, namely, (1) the head or aeromotive force^ and (2) 
resistance which the air will meet with in its flow. The effective n 
nitiide of either of tliese elements is the resultant effect of a nurabe 
separate causes. Each of them can be expressed numerically, but 
numerical expression is a very complicated one and not easily evaluate! 
any particular case. If the aeromotive force and resistance be both s 
ably expressed numerically, the flow may be taken as the square roo' 
the ratio of the aeromotive force to the resistance. It will thus be f 
that the flow in any particular case will increase if the aeromotive fon 
increased, and be diminished if the resistance is increased, and vice vi 
In computing the magnitude of each one of these elements the w 
course of tlic air from the outside of the Hut to the outside again at 
top of the pipe must be taken into account. If we consider the sp€ 
cbcumstances of these experiments, it will be seen that the productia 
the aeromotive force which causes the flow along the pipe is an extren 
complicated phenomenon* We have first to take account of th< 
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the wind blowing across the mouth of the pipct cowl or terminal. This 
depends upon the rapidit}^ and completeness with which the air flowing up 
the pipe is removed from the opening* The rapid removal of the air cauflei 
m dhnlnution of pi^essure at the opening of the pif>e, and in consequence 
a flow. The {liminution of pressure is liable to altjeration, by altera- 
tion of the size or shajie of the orifice, or by anything else which affects tht' 
eddies caused by the wind passing over the pipe, A further circumstance 
to be considered is the air pressure inside the Hut The wind impinging 
upon the face of the Hut finds its way into the interior through the 
numerous crevices between the boards, and if there were no pipe it wonld 
have to find its way out again through the crevices in the other sides. It 
depends upon the relative distribution of these crevices whether there is 
on this account alone a lower or a higher pressure In the interior of the 
Hnt than that in the nnintemipted wind near the mouth of the pipe i in 
other wonlSj it depends on this distribution of crevices whether the air 
driven into the Hut on the windward side will use the pipes aa an outlet^ 
and so flow upwards, or the pipes will help to supply by means of a down- 
draught the air demanded by the reduced preesure on the lee side of the 
Hnt 

A third element in the calculation of the aeromotive force is the 
temperature of the air in the vertical pipes. If there is any difference, 
no matter how small^ between the temperature of the air in the pipes and 
that of the external air^ the aeromotive force is affected j increased if the 
air in the pipes is at a higher temperature, decreased if it is lower than 
the external air. 

The complexity of the conditions upon which the effective aeromotive 
force depends has sometimes been the ciiuse of misunderstandings with 
respect to the action of cowls. Thus in the first report of the Cowl 
Committee the flow observed was assumed to represent the action of the 
Cowls ; in a lett^er of protest from Mr, Baldwin Latham to the Secretary 
of the Sanitary Ins^titute, dated 6th of ilune, 1878, the conditions under 
which the Cowls were tested were referred to as being such that the Cowls 
only acted as obstructions to ventilating tubes. The real state of things 
is that the action was a complex one, depending upon both the Cowl and 
the temperature^ and it depends upon the details of the arrangements ma 
indicated herein wliether the effect of the cowl, or the effect of the 
ventilating tube, constitutes the predominant feature of any particular 
experiment 

Some idea of the effect of temperature differences upon the experi- 
ments under consideration should be gathered from a tabular statement 
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in which the readings of upcast are given, as well as the correspondi 
tL*iiiperatures read on thermometers introduced into the pipes, Biit1 
table does not give much information, for in the tirst place the them 
meters in use wei-e not altogether trustworthy, and secondly, their presei 
in the pipes necessarily interfered somewhat with the flow. It incla^ 
nineteen experiments corresponding to various wind directions, and (f\ 
tJie avemges of pij>es A and B it would appear that the effect of a dtfferei 
of teraperatm*e of one degree in the air of tliL- pij>es might cause a 10 ] 
cent, difference in the readings, but it would not be safe to rely upon 4 
resultj for tn the same table nearly the same difference is shown betwn 
pipes B and C without any observetl difference of temperature. ^i 
Again in considering the other element which affects the fl<^H 
resistance, e\'en^ part- of the circuit must once more be taken into accmi 
The resistance in the cases under consideration is made up of many |mr 
the aeromotive force, however producedj has to carry the air through * 
crevices of the Hut, through the silk gauze screens covering the bottc] 
of the boxes at the foot of the pipes, past the air meters^ along the 2B t 
length of pipe and through the Cowl or Terminal at its head. All th 
parts of the circuit cause resistance and the effective resistance of \ 
whole depends upon the combined effects of the several parts. A C< 
placed upon the upiier oldening of the pipe may mo<lify Ixjth the aeromot 
force and the resistance: the transition from an exhaust Cowl to 
injector may be made by successive steps, yet it is evident that in ' 
injector the direction of the aeromotive force is re^'ei^ed from that of ' 
exhaust cowl, and is of sufficient magnitude to overcome any otl 
aih*amotive forces affecting the flow in the special case. If with 
particular form of cowl the direction of the aeromotive foree is reireri 
it is usual to call the reversed flow "downdraught^" but it is evident ti 
if the pipe is provided witli a bend which makes its orifice vertical I 
delivers its air horizontally, then tliere will be a gradual transition fr 
maximum suction U* maximum injection as the head is gratlually revoli 
with regard to the wind. Again, a cowl which restricts the passage 
the air along the pipe adds to the resistance, while at the same time t 
aeromotive force may not be affected. It may be possible to arrang 
circulation so that the addition of an apparatus like a cowl may afl 
only one of the elements, aeromotive force or resistance. If the cowl w 
mounted upon the top of a ]>ipe which already offers very great resistai 
to the flow of air, the additional resistance of the cowl itself might 
quite ina|»preciable ; for example, when a cowl h mounted on the eidjrem 
of along and tortuous drainage system, the resistance to flow of a 
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exkting will be very large and the eowl will not sensibly add to it, so that 
»HT effect which the cowl produces will be attributable to the uicKlification 
of the aeromoti% e force which would others ise hare been produced ; and 
on the other hand the same cowl placed iipou a plain pi|>e of ample 
dimensions through which air is being driven by wind may not sensibly 
affect the aeromotive force, but may add very substuntially to the resist- 
ance and so affect the flow. 

The effect of varying the resistance to the flow of air without varying 
any other elements may be seen by considering the results of experiments 
upon the use of Air Meters in the inverted position* These have already 
been described in Part II, of tJie Report (p, 265), and a tabular state- 
tnent given showing the maximmn, minimum, and mean ratios derived 
from 180 experiment's. The differences between the measurements for 
experiments, which differ only in the direction of the flow of air through 
the meter, are as large as 22 per cent, in one series, and not less than 1^ 
per cenl in any* They may be attributed to the fact that the Air Meter 
has a higher resistance for flow in the one direction than in the t»ther- 
The increased resistance nitiy be due merely to the shape of the meter, or 
it may require more power to drive it in the one way round than in the 
opposite. It is uuderi?tood that Mr, Rogers Field attributed the difference 
to the greater friction of the spindle in the reversed position, or to the 
different effect of the boss of the meter in the two positions ujK>n the flow 
of ain 

It is clear from these considerations that the efficiency of a Cowl ought 
to be estimated with regard to the circumstances under which it is to be 
used. If it is to draw air from what practically amounts to a w^ry riearly 
closed space, its resistance to flow may be disregarded, and its eflicfency 
estimated according to its capacity for producing aeromotive force, but in 
most eases of ventilation its effect upon the resistance must atno be taken 
into account, and in specifying the efficiencies both effects ought to be 
represented. Now in the experiments of the committee the circumstances 
were [»eculiarly complicated, If we trace the air along its course, fi-om 
outside to outside of the shed through these pipes, we have clearly three 
parallel circuits with some common elements ; thus all three circuits share 
the crevices of the hut, they share also the aeromotive force due to any 
corapi-ession or rarefaction of the air in the interior of the hut, but each 
pipe has its ovra aeromotive forces dependent upon temperature and on the 
air passing over the upper openingj and the effect of any particular wind 
upon the flow will depend upon the way in which, under the circumstances^ 
the three pi|>es distribute the flow between them^ and will be dependent 



344 



K — Cowli and Terminak. 



upon tbe aeromotive forces and tlie resistances of all three circuits- 
nombers so obtained for ratios of flow will accordingly not give anjtb 
which can be regarded as a '* constant " for the Cow], or which will 
to identify the effect which the Cowl would produce in the way of alt^ 
tion of aeromotive force, or alteration of re^sistance in circumstaQ 
slightly different The numerical result isj in fact, due to the sp^ 
combination of circumstances, and could not be reproduced unless ' 
?*ireumstauces were themselves approximately reproduced. 

The laws of flow of electricity are now so generally understood th| 
may be pardoned for illustrating the uncertainty of the experiments, fir 
the point of view of the determination of a constant of efficiency fa 
cowl by the electrical analog}. We may regard the three pipe^ as tl 
battery circuits. Each has its own electi*omotive force e^ f^ H ! 
its own resistance }\ r^ r^ ; the three circuits have, however, a com! 
part, /?j representing the crevices of the Hut. We shall* theref 
represent the state of things diagrammatically, thus : — 

As the flow in each circd 
to be separately measured 
electrical analogy must pro^ 
a galvanometer for each of 
three circuits, G^, G^* 



The addition of a cowl on 
of the tubes will coiTespon 
the insertion of an additu 
batter}* cell in the middle 
cuit G^i with its appropi 
electromotive force e and resistance n Electrical students will at i 
realise that the alteration in the flow through the galvanometer G^* < 
sequent upon an insertion of e, will produce alterations in the flow thro 
Gj G^f and consequently that the constants of the added batterj^ can i 
be determined if the electromotive forces e^ e^ e^ and the resista: 
r^5 r^, r^ and r be already known. ^M 

But although the numbers obtained for the ratio of the flow aldi^ 
pipe carrying the cowl to the flow without the cowl give us nothing 
can be regarded as a constant for the cowls, and consequently the m 
the term ** efficiency *' to denote the ratios obtained is inappropriate, 
experiments in themselves give a great deal of infonnation of great vs 
and the measurements are accordingly reproduced here with the nota 
adopted by the committee. 

The committee drew a distinction between a Cowl and a 
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which has already Been referred to in Part IV., p, 21*8. The greater num- 
ber of the Terminals are of such a sliape that they do not appreciably add to 
the resistance of the circuit, aud their effects must he attributed to the 
change produced in the aeromotive power of the central pipe. The results 
speak for themselves. They show that it is possible by modifying the 
terminals to increase the ratio by as much as 50 per cent, W,N,S*] 



The experiments for the investigation of the effect of different 
Terminals and Cowls were made at the Hut in the Old Deer Park, It 
has already been described, and particulars of the arrangements for 
mounting the Cowls and Terminals (p. 259)^ for measuring the flow in the 
three pipes (p. 297), and for reducing the re^diogi of the outride pipes to 
the e()uivalent of the centre pi|>e (Part IV,) have been given already, and 
it is unnecessary to repeat them, but the following notes of casualtaas^ 
during the com-sc of the experiments should be mentioned » 

L On April 2nd, 1895, some necessary repairs were carried out, and 
on the 5th April, Mr- Rymer Jones, who then had charge of the experi- 
ments^ found that the North-east end of the Hut had subsided to such an 
extent that the tops of the pipes were from three to four inches out of the 
vertical This was remedied by moving the meter boxes a corresponding 
amount towards the North-east* 

2. Between May 11th and May 19th, 1897, it is noted that the weather 
boards, door and windows of the Hut, which had been gradnalty getting 
into a state of disrepair, were renewed, so that from this time the fitting 
of the woodwork was somewhat closer than immediately before that time. 

3. On February 1st, 1893^, the South pipe showed externally signs of 
the joint being defective, and it was accordingly tested with smoke tc^ 
ascertain whether thei^ was any leakage. The pipe* however, proved to 
be sound, 

4. On January 2nd, 1899, the centre pipe was found to have parted 
at the seam just above the roof of the Hut, It was made smoke-tight by 
the use of red-lead and gold-size. The two outside pipes were tested at 
the same time and fountl to be sound, 

Tlie experiments extended over the period from 1884 to 1900* 

The results of the experiments upon Cowls and Terminals are contained 

in nearly 200 sheet* of tlie Complete Tabulation, including over 1,300 

sketches. The plan adopted was to mount the Cowl or Terminal ujhju the 

middle one of the three 3-in, pijies erected at the Hut, to take the mean 
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of the readings of the air meters in the two outside pipes, with correcti( 
as described in Part IV., as indicating what would have been the rate ol 
flow up the middle pi|>e if there had been no Cowl or Terminal on the U 
of it, and to compare the actual reading for the centre pipe with the mei 
so obtained. The direction of the wind and an anemometer reading we| 
taken for each experiment. Tlie recorded direction was made nse of 
compute the appropriate correction for reducing the mean of the ouUti 
pipes to the equivalent of the centre pipe, uMng the "compasses" compil 
for that purpose and reproduced in pp. 302-327. 

The times occupied by the several experiments were verj various; 
the early exjx>riments they lasted over 10 or 20 minutes, but in the hu 
of the later tests they were for five minutes, except that a number | 
experiments of two minutes each were tj€casioually taken on the same di^' 
in order to complete a series in the one ilay. The results of these spec? 
series of experiments, which are known as Hill curves, are represented 
diagrams 37-43, p. 315, 

The records of the cxj>eriments were carefully examined and abstract) 
in order that any obvious abnormalities miglit be dealt with before tl 
results were allowed to stand in the Complete Tabulation- In a memf 
randum prepared in 1895, when about 2,(HX) experiments had been madf 
it is shown that upon examination experiments were rejected for vari^ 
causes as follows : — 

65 because the observer considered them unsatisfactorj^ 

1 because on examination there was a doubt about the det 

17 because there was something wrong with the apparatus,jy 

was uncertain which Air Meter was used. ^M 

51 because the experiment coiTesj>onded with an anemomefl 

reading below *j revolutions of cnps per minute. 

153 because the ujKrast velocities in the outside pipes show^ 

difference of 10 per cent. ^M 

In the later stage of the investigation experiments wei*e rejected f 
similar reasons before they were transferred to the sheets of the Comple 
Tabulation, but the percentage of experiments rejected in the later wa 
was very small. ^| 

In explanation of the system of averaging efficiencies upon the ^H 
plete Tabulation, it may be noted that in cases where the construction 
the Cowl or Terminal is such that it gives^ or may give, different efScie 
cies, according to the diffei-ent t^jsitions of the cowl or terminal as regar 
the wind, a separate average is as a rule given of the eflSciencies 
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sition of the Cowl or Terminal Tliese sepamte aTerages are inucrcii, 
ad their general uverage given in the followijig way :^ — 
•97 is the average of txperiments withi ^ ^ 

shutter of Cowl to wimL < ^^ 

1*06 b the aircmge of experiments with [^ 
oj)eniag of Cowl to wiutU ^ *-* 

1*02 is the average of -97 and IXJ^j and is thus the gcnieml a%eragf 
efficieney of the cowl. It may be noted that in the arithmetical processesi 
the last figure retained has been raised by unity whenever the fraction 
omitted was '5 or more, 

The reproduction of all the separate experimental results which liave 
been finally approved and ai^ included in the Complete Tabulation, wouhl 
occupy a very large space, and in order to y>resent to the reader a summan 
which w*ill enable him to form an opinion of the performance of a Teruiinal 
or Cov%d» the plan adopted in the following Table (XXVIL), p, 319* i^ 
to give the mean of the ratios obtained^ as well as the maximum and the 
minimiun, and the number of experimenta from which the average ha^^ 
been obtained. 



TABULAH BEPRODUCTION OF KESULTS. 

General Noteg. 

SqUBte Types.— Terminuh with square heads were set up botli wiih the flat 
side to the wind and with the tingle formed by the sides to the wind, but owing 
to the constant alight vamtion of the wind direction the reaidtsi can only be con- 
sidared as approximate. The same remark applies to other Terminals (such «> 
tho^ shown at sketdies No. 40, 45, 54, 57) set up in more than one position for 
taiting; also to TermiuaJa with feather attachments, as shown at Sketches No**, 
127, 132, 149, ^,, and to Cowla placed with opening or shatter to the wind. 

Wif^d Direction. — The entries of wind dirc-^tion have been made pmoeedin:: 
as the sun traveb, viz., from N.N.E. through S. and W. to X-, but this does nf»t 
necessaril? imply that ejcperimenta were tried in all directions of wind hetw*cen 
the Umits entered. In one instance (sheet LXVL of Complete Tahubition af 
eiperimenta 5041, &c»), the entry N.N,E, to N, might be read as wind from 
all qiiartersj whereas the Terminal was only tried in wind? fmm N.N-W, to 
N.E. by E. 

Downdraught — In entering the data in downdraught columns the pmci^e 
Burements nhtm^i on the sketch have not always been adhered to, but Citn be 
'ibtained by referring to the details on the Complete Tabulation. This method was 
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adoptad for breiity, as in this class of test the primary eonsideration was 
aseertaln whether a particular type of Terminal was or wafi nat subject 
down draught. 

Cowls as lojectOPS, — As only two Injector forms of Cbwle were tried» the 
have not been entered in the Tabular Ke product] on of Besult® for Lnjectoij 
(see Complete Tabulation, sheet CXCL), A few preliminary triils were 
with another Injector^ but a special deduction bad to be made in this eaaii 
alloAv for the non-inversion of the air meter (see Complete Tabulation, abeci 
CXC), The use of air meters in the inverted position hat already been esplalnaq 
at the conclusion of Part II., p. 265, of this Eeport. 

DowodrBUght — In testing for downdraught, the raingauge caps (» 
Ko. 72, Slc.) were mostly tried 1j{ in. above the orifice of the open pipe^ as in 
early stages of the investigation this distance was considered the moit effective. ' 

Downdraught with Board. ^In downdraught experiments with board, th 
Cowl or Terminal was sometimes fixed upon the centre pipe and sometimes upo 
one of the outside pipes. 

Size of Base of Cowh — As some of the Cowls are evidently constracted fd| 
filing orer, and others into, a 3-in. or 6-in. pipe, their spigot ends are not eimct 
3 inches or 6 inches, but slightly more or less as the case may be. 

Gbkehal Conbitiojvs WIIE5C Testing, 

The tops of the outside open pipes in experiments with a Cowl or Termini 
on the centre pipe were usually 8 ft. 3 ins. or S ft* 7^ ins. above pktform. ' 

The door of the Hut was generally shut during the progress of up 
Injector experiments, but open %vhen testing for downdraught* 

Caps and other additions to Terminals were mostly fixed by four wire 
from outside of band of cap to outside of the Teruiinal. In t he later ex pen 
ments, chiefly upon the louvre and sugarloaf types of Terminals, feathers f 
gills were substituted for the stays to admit of a comparison between thfl 
methods of attachment. 

Terminals with stays were generally set for the wind to pass between the stay 

Li the case of Terminals which were surmounted hy caps, the orifice of tli 
pipe, whether cylindrical or diverging, was at the same height as the outaui 
pipes, and the cap was placed above it ; and in the case of Cowls, the middle ( 
the Cowl wa^ placed on the same level as the orifices of the two outside pip 

HEFMiimcE Lettebs. 

The following Eeference Letters have been used herein %^ 

S indicates '* Smoke Test," 

I „ " Injector." 

D B „ '* Downdraught Test with Board behind centre of Terminal 

R „ ** Sloping Eoof Test." m 

The drawings in the foIio\\ing Table are in proportion, but not all to™ 
iame scale* The Terminals up to No, 214, p. 385, were all fitted to 3-in. pip 



I 

A 




« » B "^ . 

I 



3 ^2*5 



» fi ^ ^ 






3 ^ ■— * 

C Da g « 3 

llaii 



if ^ * 

- ** » 

o 










1^ 



' a o a 












i ^ S !^if < 



ft S'fl I >- iPi. 







H II 






«.Ss» 



349 



^^ d 

* 9 

2*1 

£ if * 






1 1^1 « 



BP^ 



It 



s II S S 



3 



3 S S 



S 8 



S 



s 



o s s 



S o 



s 



S 8 






I 

I 

I 






i i 



3 

•A 

S 

I 



Iff 



W 56 

e: as 



fc 5" 



3 a 






s 

I 



§ § S S 



CI 

51 



3 8 



i 



i s 



3 



= i 



S5 >, 



a 

I 



3 



I 



e 



i I g § 






8 



O 

3 



S 



I 









CUb 



^ #3 ([|^7 €1 ®3 



« 







§ 3 



< 



IE 



3 ? 



S 2 SSS 









*< 

S 



>< 
H 









a 







P $ 



I I 



s 



au 

M 






s 



350 




O 

55 



00 



OQ 



III- 

.5 1 1.1 

•T^ • s ^ 
k Si; o 

i l-g 
3 £,^00 a 

&i?2 8. 



ll 

PES 

M 

« 2 



"I 






*8)a9iii)J9dxa 


■^ 


X 


(?1 


CI 


-<(< 


CO 


■^ 


CI 


CO 


^ 


II 


8 


o 


00 




s 


g 


s 


s 


CO 


1 


1 


8 


1 


s 


2: 


s 


& 


s 


s 


»o 


1 


§ 




s 


e 


§ 


f2 




g 


t* 






I 







O 


S 


GQ 


^ 


^ 


JO 


&=* 




B 


B 


£ 


1 



^ 



CO 

^' 

o 

•♦J 

id 

B 

2 



ad 









od 

o 

CO 






id 



§5 S 



S 



CO 



5 

CI 



Oi 
CO 



II 



o 



01 O^ 




^ ^^ ? 33 £§8 



I 



1 




1 


-^ 


^lo 


oa 






»-3 



•J 



« 
X 






S 






so 



O 



ti 



gs 



>5 



So 



351 





CO 

'5 
"5. 




'j^ 




Terence o 
probably 
erminal i 
on. 


•O 


•o 


IS n w 


= 


s 


•O— « o 


es 


"2^ 


encv 

of th 

dire 


ft 


"1 


The li 
heeffid 

he wind 


.c 




u 


w 


♦* •— — 




CO 




00 


00 




CO 


t* 


CI 


Ol 


^ 




00 


1 


s 


2 


S 


g 


kO 


CI 


c 


s 




S5 


§ 


»«5 




s 


1 


^M 




8 




•V 




5 


t* 




o 

*-4 




04 


g 


1 








cd 



CO 

5 

a 

2 



ad 

o 

OQ 

a 

o 



o 

a 



OQ 

o 



a 



o 



^ 5= 



c 



8 

c 





'• se ^ fir s 




1 i i § i 




: ^ i ^5 -c : 



.\PX^/\^;^;:F/^/^ 



<J=3 (O^ 



/^ 



N 


• 


s 


S 


s 


» 


1? 


s 


^ 


^ 


1 


1 


1 


1 


1 


»• 


r- 


r- 


t^ 


t^ 


li 


rf 


K 


H 


H 


^ 


S 


> 
n3 


^ 


^ 



CI « 
04 04 



04 



10 
C4 






& 

£ 
s 



^ 






i 

< 

CO 






352 



r^j] 









i 



« 


^ 


-5 


^ 


x 


e« 


CI 

I— 


§ 


= 5 


X 


£^ 


a 


* 




^ = 


s 


S 





^ 



I 
I 



I 



5P 
00 
Q 






od 

o 
&:" 

S 

E 
Em 



^ 




as 


te 


^ 


OR: 


2 


> 






^ 


^ 


I' 


^ 




OD 


^ 


OD 


OQ 


g 


S 

i 


£ 



O 



JO 

B 






5^ I 



V. 


§ 


sli 


^ 


1 


S 


g 


§ 


§i 


B 


1 


i 



I 



o3/^^^ ,<pnnnnn>- (l> C:::33 



CI 



C4 






00 
C4 




S 


S 


Js 


??^ 


^ 


& 


S 


##g: 


& 


g" 


SEi 


■<"<•< 


•< 


-< 


^ 


a8» 


e» 


C9 

9^ 



i 



S3 



> 



-a 



5 



^ 



353 



fl 


9 


0^ 


gj 


a 




o 
• 


£ 


tQ 


flO 


3 


g. 


qs 


OD 


"So 


S 


'ii 


?. 


§d. 


o 


1* 


1 


a« 


a 


81 


6 



^t 



& 



3d. 

o « 
0-3 



Z 



o , 

Si 

0-3 



1 i 


II 


twir 
re ty 


i-S 


2^ 


a s 


ll 


» ? 


1S£ 




Nl 


95 . 


milar 1 
sketch 
eneral 


ill 


•a JO 


O «< A 


Qom 3 


2 


2 



S 


s 


;; s 


s 


CI 




§ 






3 


S 3 


s 




li 

r^ 






^ 






r-4 


^ 




H 





^ 


^ 


OQ 




2 


to S.W. 
S.W.by 


CO 


QQ 


00 >: 
^1 


1 


1 








CO 

5 









> 


^ 


»s 




3 


3 




u 


^ 


;q 


g 


&9 


g 


g 


h 


1 



CO 



CO 

CO 



CO 

s 



CO 



g 



I 



s 



5 






3{EZrZZ33=5 c^ESnx3 



CO 



t 






^^s.;^^- /^ / 



<z 



^3 



lO 

m 



J) 



CO 



00 



i 



$ 



0. 



$ 



28 



2S 



IB 



pS 



a"* 



S 



S 



> 



^ 



> 



854 



& 



fl 



< ^5 






'■ia9iii)Jodx3 



tl 



^ I <J' 



^ 






I ifi 



t 

c 



5: -a "^ 

cb O 

oc ^ ^ 

a« s s 



-C C S -^ 



IS 



-= « s = 



5 - ^ £i 



a« ? c»».;?^ 



rc£gg|-5 



V "^ > 



•BS. 
• as 

► t 



^ c^ 

lis- 

II! 
^11 



S 



S £ 



VI 



s 1 = 



t^ et « 



25 
O 



a 

2 






o 3 



o 



DQ 






OQ CQ OQ 

^ -^ ^ 

&:' &i ^ 

s i a 

2 2 2 



5 ^ ^ 

» ^. ^" 

^ «? 00 

i S 



I 



8 



P 



S 



^1 



QC ^ <?! 

I g S 



^|^^4^ -0 *-^ "^ 



00 

w 



^ 



a> 

CO 



§ 



El. 



^ ^ j£ j£ 
o a> v V 
lb &• S^ ^ 



^ ?^^ 






! 






u: i« tic 

> > > 

^ ^ n2 



> > > 

»J ^ p:) 



« « a 



^ 



*«s • 



sip 

5.2 •^'S 

||s| 



^ >1^ * 



6"= o - 



3 



I 



£5 ir >- •« ts >> 



-^X S ft h $ S 5 







o 



S 



SOD 



I II 









el 



^ — "- 
5^£ 



■a » 



355 

s- Sir 






^ « 'Si 

^ Oi S 



III 



s 



E 



^sr: 



O « ^ X So 



s s 



S « c? 




- 8 53 


fi| ss g s 


S ^ 2 ' 




CI «c ri 


S2J gS S S 






S 
2 



a 



^>": 



fc SB 

SB .85 

SB »i 

s g 

2 8 



4 

gGK5 

Sa 



K^ 



fiSH 



a ^ 



CO *« 

i-H 00 



s s 



>to •* t:-co 



00^ 



? § 



CI 53 



000 c2 

t^CI»C 
n-Cl CI 



S CI 



5s; 



00 w 



CO ^" 



?:-c-« 



I i 






^'^\'^\.^^ 




!? 



§ 



? 



o 

10 



? 



£ 



■♦ "*• ^ 00 00 

SCSP90 P' 9^ 



PS?5s 



q c* o. di di 



sl 






Sc c c Q 



4^ 






1^^^ 



x>i 






>5 






V5^*^ 



> .-^^ 



. ■ .^f 



/ . v 






/ 



y 



, ^ 

a 



..i. 



</ i 



9 ■^: 









f 









^ 


« 




« 




'# ^ 




» -«■ 


^ ^9t 


^ XS « 


^. i 


1 


« 2 


§ * 


^ ? 5 






s I 


1 § 


1 H S 




5 


5 9 


i ^ 


^ i s 



^ 



id 






(2 ^1 






4* 






U 






i I 



/'v 



St 



« 



i 



X >^. 






I I 






if 



I i 



S I 



g % 



'r 






i 



« -o 




Z" 



u 



* 3= 3: 

X X ao 



I 



a 
I 



I g 



K— gj ■^ 

'T ti ^ 







s 


S 


10 


S 3 


ii 


Hi 

& S 5 












I 



5 5 






> > 5 



36T 




: a S3 


2 2 8 


^ o 


1^ 


1-H 


to 


§ 


s 

r^H 


1-1 ^^ 


8 S S 

fM »-H rH 


3 8 


8 


s 


00 


f-H 


Si 


: S SI 

» 1-1 ^^ 


S 2 8 

»^ i-H 1-1 






c» 


oo 


3 





00 



QQ 



» H H 
^' ^' ^' 



» 



» 



^ 




^ 


05 




GQ 


2 




2 


OQ 




GQ 


^ 


^ 


^ 


^* 


QQ 


is:' 


C» 




GQ 


g 




g 


P 




g 


C^ 




bi 



GQ 



QQ 



« eo 



S to 



i S 8 



Oi 

^ 



^ 




-.1 



10 



^^:^-^^^^ 



O 
CD 



CI 
CD 



eo 

CD 



s 



10 

<D 



:8& 



so j^ P io 

& s s s 



? §8 






s 



s 



9 



$ 



§3 



5 s 

M H 



^ 



E5 






^ 



^ 



358 



5 5, 



2«= c 



S^s. 



ii 9 ^ ^ ;z 
I- ® * » > 



** ^ * = = "^ 



szth 






ft 

II II 



a 






o 



lis 



'8)iioin{j(*(Ix3! 
JO jdqinnx; | 















o«5! c 

Id I 1- 






a 3 



3 



8 



^ 2; 



Si s 



s 



2 ae 

a 
s 






St 






S QO 



g 



^ 



S^ 



II* 



•< Se « 



1 



f 



1.) 



•i? 



(^ 



O-o (Dci O^ 



CO 
CO 



00 
CO 



o 

CD 



g 



00 00 

o o 



^ 3 

X X 



t5 -S 

o o 






o 



i 



X 






359 




S! 2 






2 3 
^ -« 






n ^ 



I" 

-I 
3* 



J3 
CO 



IT " 



<:>^ 



xD^s 



<1>00<]J=° <IJ^ 






^ 


90 


P 


?5 




1 




< 


00 


<o 


te> 


S 


, 


> 


, 




^H 
















> 


J< 


><1 




»^ 


X 


^ 





SB 



g? 



2 
H 
w 



so 
c2 



^ 



^ 


55 


^ 


to 

3 


< 


< 


t* 


r^ 



3 






360 



i.1 

0.5 



n 



till" 



!-1 III 



2"^ ■ 







ccEm 









s 00 goo 



I- 






I 
a 



CO 



o - 1 «i| 



J? 

IP 

lis® 



9 SO 









II II 







g ;: 






s 



CO m 

a a 



a 



•§ 



s 






S S 8 8 



8 



a 
s 



o 



o 



i I 



a 



0/ 9 b 



O I- 



3 2 

CI eo 






s 



25 kc 



^ « 






S 




^ 

- ^ 






#- 






O4 cu 



d i 



90 90 



O O 






o 

00 



00 00 



o c 



aoQu oCop 
ac ^4 cS O4 



CI 






> 



^' 



361 



SIM 



ii 

2.5 c^ 

11- 

«V8. 



I" 



°8 




»«*- = *■ — .*•" 

O is "O * ^ * jfl 



II sill 



« o« 



n 






lO lO 



S 2 




S 

riH 


s 




B 


2 S 


2g 2 


s 

riH 


Si 


s 


lO (N 




2 ^ 

^4 ^N 


S s 


1-H 


H 









§ § 



2 * 



ri 



> 


^ ^ 


% 


iis ic. 


2 


3 a 


» 


> > 


2 


a a 


> 


^ ^ 


g 


S B 


1 


1 1 






it 
2 

I 



i 


o6 


s 


> 


H 


S 


Is 




.o 


> 


H 


OQ 


» 


a 



I 



I § 



I i i 



« 



§ 5 



1 § 


H 


1 


1 


s Is 




s S 


« •« 




II 


C4 

II 


« -o 




II II 

«i H 



* 




^ 

»/ 



^^ 



. <;j)=n=.<l]c3=a 



CI 

Jfi- 



CO 
00 



3 



lO 
00 



CD 
00 



9 9 

ii 



I 



$ ^ 



■s -s 












y 



5 



^ ^ 



H 



»-4 »-4 

3 g 



zm. xua in. 



362 







1 


73a. 

of con- 
es WPS 




il 






3-6 




c-2 8 
•5 x'" * 


iti 


£ 2 Sj 




%% 




® J^'S 


|Ia 


^25* 


M 


-« O 


^ c - 


.:« o »- 


J* o 


S - « 




O?^ 


^"-•^-^•s 


;/■' ^^ K 


QQ^^- 


-£S«^ 


'•i 


3-a 


^•&||i 


2^-|5 


S-Sj^; 


i£= S c 


Ci 


CO 2 


«• = 3 i> &■ 


« = -s 


« 2 . 


S A « ? 




i ll 




111- 


11^ 


CO a e~ 




u 






SoS& 


«iii 




fe ^ 


OD 


a 


00 




|l!|l 


111 
ill 


1 o 

1 s 


.2^ 

X 

a 


^ 


o 

g 

< 


II II 2 


S 


S 


s 






-<a32 


OQ 


50 


QQ 




•«J9W»1 






4i 






oaiujaj»H 






o 






•«}08ai]Mdx.. 


-^ 


X o 


cc 


lO 


« 


JO jeqoinN 












ii 


s 


?\ ?\ 


S>1 


g 


O 


1 1 -s 


•^ 


^" "~ 


'^ 


'^ 




s 


?l ?5 


?l 


s 


§ 


u a 


"^ 










" 1 


?l 


S s 


s 


g 


s 


^ 




'^ 








^ 




!C' 


^ 


s^ 


DlrecUon of Wind. 


s 




2!; 

is 


as 
»s 
2 

^' 
ai 

SQ 


2 

K 
>5 


1 


C OQ 


a 


a 


a 




1 




1 


1 


1 






£ 








III 


a 

1" 


H 


1 1 


2 


3! 


%\ 


CI 


1 1 


Cl 


•1 


1 






$i l5 






s 






II II 








J3 




h ^ 








<I>#==° <»3::2:^ 


<M=«<D3=--c 


OQ 


00 


Oft 


O 


S 






00 


en 


a> 








!^ 


'^ ^ 


;^ 


^ 


^H 


^ 


i 


1 ^ 


3" 


f 


#^ 


Q 


< 


5R < 


■< 


•-> 


►»" 




s 


^ g 


CO 


2 


2e 












*N 


1 








S 




i 



«*§ Is 

*" -I ~~ • -S 

5 "■2 2 = a 










■ •» 


« 


ff3 


0^ 


^i 


"1 


O 


IG IQ 




§ 


1 


S 


'w 


r^ 


?1 


2 = 


• S3 


H 


§ 


S 


kS 


?l 


^ 


S S 


b ^ 


g 


^ 


§ 


^ 


-** 


§ 


B S 



as 






S B 

Jc as 

i g 

I I 






5r 

of 

2 

& 



a s 



I 




364 



©52 



.r 5 « 2 o 1 










COS - ©5^ 2 



-^ T3 ^ ^-- -4- m 

J flu £ « S « 

. o c « ■* ^ ^ 

. a •* n &^ c 






2 « =^ 

-3 



!-&^ls? 



£ O 4» ^& 



!§ 1 

l! I-- 



.5 2 con 

•sg -a- 

o gn 



%'5£ 



"Jll^'l 



OQH 



'g OQ .5 ^ -j: 



?5 9*o 6Q 



; a> 



5 a* a' 




it 2 

II II 



s 

m 






C2Q* 



CQ 



JO jaqmnx 



II 



s s 



8 



I 



I S 



s 



& 






I 



o 

B 

8 



is 

Szi 
3 

^' 
>» 

a 






H 



2 

I 



s 

Be' 

a 
I 



>»« a 

7 9 k 



^ 2 



i ^ 



o 
^ 



!•§ 



I I 






f 






0) 
Oft 



8 



CI 

o 



s 



s 



I 



■< •< 



I 



i i 









II 



3 S 






>1 



•-• C -^ ^ BO ei 



365 









.-Ttf 



3^ =*S -C-^ 



.Is. 



■Si 

o 



PC 












25S0.2 
^ :: g == «) 






Hh^h ^'^ gg|. g io^* .2 1||2? ill 

1 ^^ Jg£ CO g tJ teg S «Z =: w '^ Zee 



0) 

II 

II 



«.•, C 















cc 



&,« = *' 

o • ^ _j . 
cs ® ^ - 



g-sg 
lll-s 






^ ?^ • 

. 2 

' *^ 

si-cs ^ 

< -" - 






5^ tr O 2 ® - 

;= 5 = ^ cJ;^x JF^ 



•O ^•O-H 






:-= ^j= srf= 










^ fet * £, -g a)« 

^ o K ^ >»S a .»* 









S 



e3 

a 



CO 



CI CO 



t* CO 



s 



g 



s 



00 

2 

00 

en 

a 
2 



o 

a 

£ 



o 

CO 

^' 
a 
s 



3 N 
a s 



o 

a 



?5 



« 



2 S 






g 






II II 



)-c:3- ot- OiP C)eP 



o 



s 



Oft 

o 



00 









o a 
S 2 









2 






> 
X 



366 



o a « 



^H«^-? 



H ^^ *j a> ^ _ _c; ^^ 

i^ tt> V s ti s *» S S ® 2f_t.i^~ ?> 



c * n g j2 ^ 



i avVBaopitod 
^qSDupnMop 



I 






5 ;^^^§S 






P* ^ - 



t' *= 




5 g 



•-^PIS 



^ ^ i-H i-i CO 30 •*« 

00 «iBO&r;s£s 



1 
? 

S 

a 

CO 



•raojjog 


oa 




s- = ^ = - t g 


•dox 


T** 


"* 


:?:-. = :=: 5 


JO ON 


^« 


^ 


§ . . X r r § 






90aM9i9H 



'eiaompddxH 
JO JoqmnN 






s 



s 



s 



^61 



QQ 

S 

O 



;t 



C3 rx 



CI 




I 



o 






3G7 






2 ? i^ 



3 C 




* ® JL 






< •;3 ^ I _ _. ^ _- 









-j< i^ 5.2 



|e 5.= . 

•eg- = _ » 

. > a: .J I" 






.S 3 -i -^ *» -^ cc 

•S s! »? 2 3 ;i ^ 

.25 - >. 3 ;i © J, 



9 
















CO 

o 



s 



5i S 



o 

I 



ad 
S 

I 



o 

^* 

is 

a 

o 



&:' 



si 

o 

a 

£ 



O 

a 

2 



S 3 



9i II 



<5 

A 

S5 



» 






II II 



^ o 

i ^ 
£ a 

.2 



I 






2" sr 



H '". 



ooo oqnOOo <i]Cp <^qo 



Si 



3 

CO 



X 



5^ 
3 



? P ? 



9 3 



3 d 



? 



? ? 



3 



3 



^ 


^ 


^ 


< 


-< 


-< 


CO 


00 


CO 


»-« 


^H 


^H 








H^ 




»i^ 


o 


o 


o 


W 


« 


X 



368 



h . 

^^ 1 

Sl I 
sip 



i5 


n 


^ 


t^ 


^ 


-oZ 


£i 


*M A 


3 




o 


s^*^ 




€ - ^ 


1 


fsi 


i 


III 


s 


SSQQ* 


t) 


*- 



ft ^d 

< ^5 



k 

fi II 






'«j*ttri 



i» 



I 



Is 

KB 

151 



^ 



2 2 8 



a 



s 



s 









GQ 

a 



it 

I 






I 



I 



S % S 



I 



I 









§5 



I 



II I I II 






<]qCi:]p <30^<C]C3^<Dc:H>-,tr]c^ 



g 






^;. 


^ 


« 


» 


*" 








?3 


V* 


V* 


1^ 


gl 


$ 


^^^ 


S 


^ 


^ 


# 


ci 

a 


i 


#-^ 


# 


4 


i 


^ 


■< 


^ 


T-» 


•-» 


^■ 


•h 


^4 


2 


CI 


iCl^ 


l-* 


1- 


S; 



^ 



^ 



g 



s 









K 

H 

n3 



369 




'S 



S 



S 



s 



s 



s 



s 



s 



^ 





•^ ^ 




^ « 




«5 > 


^ 


S 5 


^ 


■51 ^ 


^ 


5 =^ 




^. a 




■2 S 




a £ 




a 




b. 



as 

a 

o 



GQ 




P 


^ 




Szs 


^ 


3 


2 


» 


^ 


2; 


QQ 


g 


g 


g 


1 


Em 



is 

2 



o 



^ 

» 






s 



i 



s 

55 



CI 

00 




In© 0=1 (o) 0=J 



(D 
C4 



CI 



S 



C4 



s 



i 
< 
CI 



^ ^ 



9 



3 






5^P 
S;2 



9 









n > n 

S 5 H 
H S M 



o 



^ 



s 






$ 




$ 


i 




a 


*> 




•-» 


t* 




t* 


f-* 


> 


^* 


r") 




O 


X 


y 


X 



370 









»* 


"i 












e^ts. 




•c 












? « 


-^ 


ee 












". s'"©* 


V 


2 


• 










c ^^S 


OS 


i 




•a 








Zsb:; 


a 


ee 




f 




i 




m^ 


s 


1, 5^ 


sT 




& 




•= i E?o 


2 


o J. 




cs; 








^^ii 


« ' 


S2J 

S5t 




^ 








^ G 'fi 

* § o a 


.1^ 1 

o 


i:ii 




1 








•2 . "^'II 


s'*- o^ 












Is^i 






1 








•5a< 




S -f 










ll * 


9. 


9. 






SL 




^^^ll 


i5 


^ 






55 




r-li 


II II 


^ 


< 






< 




1 


•<a 














Mioiiari 








• 










(K>IUJ0J9H 








cc 










'8iaocn|jedT3 


o « 


CO ^ 


Ci 


Ci 


cc r: 


o 


»Jt 


jOJoqinnK : 














^™ 




i^i 


2 £ 


^ s 


=r 


s 


~ 12 5 


si 


E 


^ 


•< c 




l-H ^ 


1— 1 




•^ F-^ 


r^, 


, *" 


1 


1 


§ £ 


a s 


lO 


s 


2 ^ 


B 


EJ 


s 


M 


2 i- 


2 3 


ST 


::^ 


2 S 


s$ 


S 




s 


-^ *^ 






'-^ 


1— 1 1— • 


l-H 








^ ^ 












•i 


»5 >= 


2 .s- 






W c: 


^ 


&=' 


•s 

1 






O 

•*- 




S S 


2 

OQ 


2 


' 


1 s 
1 i 


s 

2 


S 
2 


a 

£ 
f^ 


g 


1 1 




1 


Velocity of 
Cup*, feet 
per minute. 

Mai. MIn 


n § 


1 ?1 


1 


1 


i s 




?1 


§ •:- 


i i 


i 


i 


»-4 CO 




g 




« •« 


« -^ 


c 


-« 


« •« 


C 


-« 


1 


















.a 


«^;i@ti^@ 






^^\l 

•* 


OQ 


01 


CO 




't 


10 




CD 




CO 


CO 




CO 


CO 




00 












^" 








r r r r 


^- -. 


r r r r ? r 


? ^ 


i 


S^l % 


1 


i> V « « 


•s -g 


ju « O 9 « O 


-g -g 


f^% 


^- s ^- 


Q 


bPHCE<fr< 


b. &4 


friPc^^^^^ 


Cm ^ 


4 

S! 




?1?;?J5; 


?J ?1 


s?j?!:2?i5; 






1 


3 5 


^ 

E 
>* 


4 NH 

5 3 

i M 


> 


> 


> > 
S 3 


§ 


^ 



an 



«.1J 
iii 

a»— qZ 

6 A *^ 

ccd ^ 






?5 S 



r3 « 



H2 






5 2 

<C2 



X 






V^ 55 






?i s 



S 2 



- i 



5 £ 



?i i; 



&! s; 



CO Ci 



o 






••* 






w 






i" 






:> 












OD 






a 






s 






&< 







§ 



g 



od $ 

9!) 

S 



5f 



O 



a 



H Is 



QQ 

O 

CO 

i 



? § 



» 


K 






s 


3 






H 


» 






i" 


^ 


^ 


5s 


K 


;^ 


so 


09 


ii 


;z; 






1 


a 

1 







2) ^1 



t H 



00 cc 

5r :r 



i g 



IS 

oc 



2)j^=^©03@(^@ a^@ (l^( 




CO 



i i 



S 



^ § 

^ ^ 

s s 






3 



i i 



5 



a a 



I 



S 13 



X K 






i> o 



o u 



u a 



372 



lull 






JO asqoiafi 



a * 
•c'C 

a 
oocc > g 



a 
o 






CO 

II 






(C^ II 

PI 

^ ® l-H 



s 



s 



« fB 

-a 

•8 



S 

^ 



3 



9 O X 
o g ^ 

?-£ 



g * * = 

F *^ E O I 



s. 

II II 



cop 









^ ^ 



s a 



S ?i 



s s 



i; ^ 



8 2 



O 

o 

I 
I 

5 



S 2 

a a 



2 o 

i i 

£ fa 



o 

.o 
H 

a 
2 



a 



CO GO 

2 2 

00 OQ 

a § 



o p 

» pa 

a a 

1 1 



111 

^51 



S 






i 



2 






(0:3^03 




10 



§ 



00 



§ 



*-'-^gs^ 



PiPS 



^^^^ ^^^^^? ^ ^ 



08 03 d otf 



> > > > 

o o o o 



o o ® o big IS ® 
^^fa^^fa fa fa 

l-H C^ P^ ^H 0^ p^ P^ 1-H 



i i 

CO CO 



> > 









373 



2 4» 

n 

el- 

> t o 

9 11 



li 

CO <o 

OS e« 

*-* 

^--^ 



•^ 9 

f 

si 



1 1.1 5 



. , ^ 1M 4>i • 

1-1 ii 

•Q ii •^j * 



S3 






9 

d5 



s 






8 51 



s 2 






8 2 





i 


90 






00 


JU 






§ 


CO 








««? 




^ 


^ 





>t 


*"' 


^ 


^ 


^' 


CQ 


OO 


a 




^ 





ad CO 

S 2 

OQ 00 

a a 

1 1 



o 



3 

a 



& 



s 



t* s 



3 



s 


1 


04 


H 




<]]^^<D^@ 



CI 

10 






CO 
10 



s 



10 

10 



•i d 



^ ^ 






mi iiii 



e g 



> > 
6 8 



^4 Mi* 



> 



> 



374 










Ei: iS'^g.yL:^ 



: S 






3=5 - . - 

C S r- C « S 

X _® - flc ac 0) 



|i 



ht\t 






JO joqtanii 



II 



o ^ n 



S.S 

o ^ 

2? 









p 



C3 o 'Z.'C 



S -^ tt Ci TO *S. L- u 



t; ^ 



■^ tJ O » sa 0) 

mitu 



c: 



c 
i5 



ft u 









03 P* 
« a 






CO CO CO 



04 



2 2 gS 



S2 2? *^ ^ 

CO CO CO 



I 



s 



s ^ 



s §? 



a 



525 
o 



S 
2 



:^ •^. 5?; 
^* 525 ;?; 

o o o 



a 

8 



S 
2 



S 

I 



a5 

a^ ^ W 

2 K 5 

» 2 b4 

*" w ^ 

i ^ I 



Id 

^5^ 



o» o tj^ 

0« <M 01 



CO 



?§ 



50 « CI 



J- ^ 



<D^f 




«^ -^^^ «- 



"il 



<[ 






00 






^ ^ 



^ b ^ ^ 



^ >< S M 

d S § g 



04 e^ 






37 



s 


1 = 8 


fl 




















« 


*-ij 


="3 










ill 

-.5 - 


15 


95 


vi 








1.- 




:3 


-r 


"5 -2 

Hi 


hi 




< 


< 


t£ 

C 

•B 


•1 


SI? 




s 

QQ 


•3 
1 


as 

1 



?1 CI Cil S^ CI 



^ 6q w CO w '^ 



s 


E 


^-1 


s 


^ 






S 


g 


§ 


s 


f 



pa 


% 

H 


^ 


d 


H 






2 


2 


§ 


is 


o 


5 


^ 


«Q 


S 


S 


•M 


H 


P 


^ 


»i 


»j 


^ 


» 


P3 


» 


z. 


;:; 


^ 


g 


^; 


SQ 


g 


g 


f*= 


^ 


1 


1 


^ 


^ 


1 



S 5 § g I s 



t» Cl 



O O CI 

rj* «t« CO 



il : II 



II : il 



?; 5 



fi Jr 



5 w 



S 2 



§3 SJ 






p 



O 55 
^ o 



a 



a 



. CO 

^. a 



2 ^ 

^ 00 

a > 

£ a 



X 


GO 


o 


o 


^ 


^ 


x 


00 


QC 


OQ 


1 





S 2 



IS i I 



3 o 



g 



^TJA;3@ fl5===^©(l3i==ry@a=3i:ap(i3:=:zxi,p Q:^ 



s 



5s 5s ^ gj 5: ^1? 

i i i i i a 

g » g g g «» 

eo eo eo 00 00 i-^ci 



^9*9*3* 

OQaQGQQQ 



CI 

CD 



S ^ 

# # 



m 



D 9 



S 



a' i 

S S3 



llli 



t 



^ s 



^ t 



1 1 



t '6 



376 



< 



be 







'itaooifjadxa 
JO JoqcDDit 



II 



©1 « 



S 8 


s 




1— 1 ^^ 


1-^ 1-H 


S s 




3 

^-1 


•-< 


2 S 


3 3 

*-4 f-^ 


§ § 


1— 1 ^-1 

CO CO 


5 


5 


s s 


5 S 

1-H 1-H 








frig 

Id 

f5^ 



CO OQ 

g I 



S 8 

CO CO 



3 

Cx5 



i 



3 

a 

I 



a a^^ 
2 2 



o 

izi 
^' 

a 

I 






is 
•2 iz: 

I 



^ 



S ft 









l^ GO 



I § 



0=a,c 



X3 



•« 



Q=:x.@(i=°,@(!3=°g 



CD 



CD 
CD 



CD 









S I? 



9 9 9 a a 

O) 00 CO A oo 00 






5 I? 



> ^ 



3 



5 



2 2 

3 5 



s d 






377 



a 
o 



I 



i§ 




T5 *^ Q *^ 2 .2 ■- ** 
O fl oD-2 fe .• ^ 

*.n s s c H z ts 






CI 


C4 


« 


o» 


■M 


C9 


CI 


CI 


e* 


CI 




1-H 


3 


■ a 


^4 


g 


1 


z 




^ 


s 




B 


^ 


§ 


•-< 


g 


•-< 


3 


s 


13 






B 


s 


§ 


1>4 




So 


5 


5 


3 


H 





3 2 

CO CO 

8 a 

-8 .2 



3 2 

S g 
2 2 



* ss ^ se 



00 00* 



? S 



t^ CI iC S 
CI CI f-i A 

CO CO Ci 2 



I ^ 



§ i 



s 



§111 



I g 



C -O « pO 



*s> 



iinD=o.o <D$=°@© <3 — ng 



CI 



m 



? 



i i 

e« 94 



CI CI 



^ ^ ? ? 

• r r r 

*o ^ ^ ^ 

£ ,? ,? f? 

k Cci Ed Cci 

C« CI CI CI 



^ ^ 






s d 

PAST IXL 






> 5; t t 

K M H X 

s s s 






BB 



378 



I 



lull 






J& JBqmnK 



il 



i 



Bo SS Q5 fli^ 



9 



g ^1 S 

- -Sis 

sj - a ►* * • 

j5 2 



s s 






^ 



^ 



^ ^ 



I 




B 



I 



tZ5 
S 

B 

I 



a 

I 






Si? 



s 

I 



^ i 



g 



s 



o 5 



&i3 

B 

9 



a 



1^ 



§ I 



4 

s 

I 



S I S SB 



3 



^ ^ ^1 



It I] 

h N 



to 



.1- i 



<ii^=-= ^ <a)^=-@ ^-^ @<3)^ 



^ 
i 






p 



^fl 5> « « « « « « Ct 

MOQOO cZooOO O O 






H H M) ti< 

W W Nj H 

U U U L> 



ti 



J-3 H 



379 



QQ 
3 



1 



O 



QQ 



O 

1 



3 i 



* Q H 0) 
CO •£ 



CI C< Cl 



CO CO ob 95 



•S '8 S 



S « 





§ § § § 


2 g S g § § 






s s s s 

F-l »-< l-H 1-^ 


g S Z g 2 2 





8 



o 
H 

a 

2 



H 

B 

H 

H 

a 

I 



fi4 H H H K » 

3 2 3 3 3 B 

fiq H H H u fd 

fc >5 fc fc fc &5' 

H H H » H »" 

a a a a a s 

2 2 8 2 2 - 

Cm Cm Cm b Gfa 



^ 



i a a 



I g i I 



II II II II 

*^ J< N H 



I i I i s 



a g 3 

t* ^ CO 



1: 17 II II II II 
li {> ^ ** H ^ 




CI 

00 



SP ? ? i? 



o 



t5 t5 
o o 



c<i e« (M CI 



? I? ? S ^ ? 

o o 5 <5 o t3 
000000 

S^ Si S S §3 S 



H X X ^ 

N^ »« l-H Ni4 

>< X X )^ 

X X X X 

o o u o 



X X 
X X 

s s 



X 
X 



s g 



g s 3 

g g s 



380 



1 



- I 

I i 



I* 

Sx 

« S3 

O (A . 

o an 



iifii 









JO j9qmDM 



II 



3 

a 



I 



r-i (M C^l CI (M 



c^ CI eo *ci *ci 

O O O lO lO 



s 



s s s s 



a 






;a 






*^ 


si 


W 


,9 


fc 


fc 


;zi 


5 


o 


>» 


a 


•«-• 


^ 


^ 


» 


H 


>5 


5«?5 


55 


g 


a 


P 


1 


1 


& 







?? s 



s ^ 



o 

QQ 

O 



S g 



% s; 



s; § 



CO -M 

t^' QQ 

^- » 
QQ 

i I 
I 



8 5 



S § 



Qd ^ 

2 a; 

£ " 



M 



-.5 



•9 .a 

|s.a 



I li 



C5 00 



5 ^ 






^ 2 






II :H 



o 






^ ^ 



H i 



CO 
00 



s 



00 



CD 
00 



? ?> JP ? ^ 

>: ► >^ ► ► 

o o o o o 

^, ^ \z, ^A \^ 

^ ^ ^ ^ ^ 



^ 



U; to 

9 Z 
< < 






-< < 



M fc^ ><J X >^ 

fc^ >< K H M 

X X X ^ X 

^ ^ (L> ^ ^ 



S d 



K X 



M M 



381 




|||8 

>.« a ^ 
s < aa 

C • * cS<^ 









K 



't 



S 



7\ 



s 



5: S 8 



2 S 8 



S 



£ S 8 



.a 

o 

CO 

a 



o 

a 

o 






a 

o 



j? 


^ 


^ 


> 


^ 


^ 


2 




2 


^ 


^ 


^ 




S 




a 
1 


1 


a 
1 







g)<jI0=i3 






00 
00 



t£jO 



01 

00 



o 






^s_ ??_ H? 

b^bm PEfb hk 

^-CO 1-H CO »M0O 









S 



> 



> 
•J 



^ 



382 




o 






IS. 

si 



II 

3d CO 



O - P o fl*- 



« ft o S 
ft«a EJ4 s 

•sill a 
g«*S6S 



g^ £ O 2 ® 
D -^ 15 "^ .5 .o j; 

o ^ §^«^ e'^ 



.S .S 

J s 
I I 







§^«» gist's 

8 ® « "*^i ^ 

« S £ oj Slj'St- 
.S e8 » IT'S g^ 









>^^ 






5- 

C 06 o ^ 
;^ ^ O 4^ 

3 § 



poQ a ^ a g-j 






J0 49qmnn I 



C^ <N ©^ 




II 



3 



I 



''f 


^-1 


o 

^-1 


2 


§ 


8 


g 


= 


s 


o 

1— 1 


^ 

^ 


00 


S 


3 

1-H 


2 


§ 


o 


Od 


s 


o 


8 



I 






>^4 






i 



QQ CO 






0) 

iiJ 






a 



S 
I 



a 
s 



o 

a 
E 



St 

o 

a 

2 



00 

o 

GO 

od 

a 






o S 

^ CO 









g 



CI 

s 



I 



i 






<:;2J3 %m @ @ «=^3D c 



CI 



00 00 » 

-i Cft oa 

^* .o x> 

3i a> a> 

;s4 b ^ 

CO CO CO 



CO 
Q 



< 






lO 



US 









> > 



> 
^ 



1-3 






S a 
2 S 



383 



.■Sit I J 




Of ^ m. ^ ^i 

^a5 



C « 1 

oil. 






ri " a S 
^ "* .2 ^ 



.S g n ** Si 

O O OD 00 






„52 S 

IP 

111 

g > a 
^^ I 

Is i 



-. ^ a 



^2 

l« 

|2 

■3 g a 
all 

■ ^ a 
•*•• 9 

•M-O 



ll'i 



^5 S5 






.5 J«o 






1 = 1 

M ♦* « 2 -r 
2 o M o ® 

^•^ SO 





-iss. 


-^ 






CO 






a» 


^-1 


00 


« 


•9 


»« « 91 O 




s 


•s 


s 


s 


s 


S o & 8 

1-H 1-^ ,-^ •- 




3 


s 


s 


s 


s 


8 2 1 i 




1 


1 


s 


s 


s 


S 2 § § 



O 

a 



o 

a 
2 






Szi 



^ ^ ^ *= 






I s a & 



as 
6t' 



S 



§ I i 



W tf> ^ 






Q 




22*:SS 



"^^ca V^'^^tzn @ ^;^^ $ 



O 

o 






o 

o 

CI 



o 

CI 



CI 

o 

CI 



$ ^ $ 






^ 

s 



« 

CO 



> 






a 



^ > 

n9 n9 



> 



384 



:S3 

a bo 
» 8 



•?8 

5|^ 






£ 03 ss ^ 



a g b S 
»•-.= « 



-, c g *2 cL 







QP2 



JO JOqCDDK 



II 



^ 
S 



S S 



2 


1-1 


8 


s 


§ 


a 


1-H 


S 


i 


2 


3 




s 


t* 





I 



6«l 
JO 

^<5& 




o 

a 

2 



o o 

^. ^ 

a a 

O p 



52; 

Xi 

^; 

a 
2 



QQ 

i 



2 

a 

2 



S5 



S 



s 






^^^m 9 ^Q[i,^ ^^lo^mq^ 



CO 

o 



3 



10 

o 

CI 



CD 
O 
CI 



o 

CI 



CI 



^ 



i^ 






^ ^ lO ^ ^ ?C»05P» «p 









55 a 



> 






2 




a w S — ^ 5 -^ 

5 03 t. en ££■ n ►*- 

a D o a?c o B 



J* o 



■ S c s w 

I S « ^ 

f£c5 



■3 i 2 § =• 

«t o t=; 

r= r* 2 g a 



<J 8 a * ^ 



o 






S3 

S 



385 

• * ^ i;s a 

^ W 5 ^ Hi. ^ 



® ■" fci '2 J2 S 



I I 



eg 

& 3 





CO i 

-1 

< 

z 

5 


^^SS: 3^ ^ I \ 



5 


CO 


^-1 


§ 


1-H 




§ 




S 


3 


s 


11 


CI 


CO 


v-4 





s 



« 



>» 


^ 


J3 


S5 


^ 


^ 


V5 


2 


o 




«-» 


5?; 


'^ 


>k 


>k 


^ 


.£^ 


» 


i^ 


S 


B 

o 


1 



2 

a 



S f^ 



^ 

o 






» s 



£• >> 

4 ^ 



o 

CO* 

a 

2 



o 

S3 

a 



QQ 

2 
Be 

QQ 

a 

2 



o 

^* 

CO 

a 



X — 

5 


s 


3 


I 


31 


91 


h 


*H 


•^ 


^ 






CO 






z 




^ 


UJ 




2 




03 




UJ 




a 


X 




2 


UJ 




Cm 



I 






s 



I 



g i 



^ 5 



^x=i=p \^:iia 



CI 



CI 

CI 






!<»S 



2 
ci 







€rk 



rf 



ci 



ci 



S 
ci 



?3 



o 

I 



00 CO 



^ 



a 






t^ 



« 
< 

H' 



2 2 

CJ O 



386 



, 




c 


"a 


inal was also tried with 
orifices cloflcd and open 
Imt th<B results are too 
for PT)try here, 
ketcli No. 55. 


S 

1 


1 

4J 


If 






ac 


cc 




"O^ 






S 


"a 


llll 




«.• 






1 


1 


!>? 


|g; 


lil 


|| 

Op 
II II 
<« 












1 

e 


•«»W«7 
















9oaaJWj9H 

















*t)ooiii)J8dz3| 
JO laqmaN 


CO 


CO 


CO 


(M 


©^ 


1-^ 


•— 1 


CO 


CO 




II 


f-l 


1-H 


53 

1-H 


C4 

1-H 


i-i 


S 


«-4 


1-H 

r- 1 




1 


1 


109 


•-< 


2 


1-H 
1-^ 


1-4 








F-l « 


^ 


1 


^-1 


g 


132 

t 




a 






eo 

i-i 


2 ! 



o 

a 









^ ^ 



^ 






B 

a 






►0&' a 



^ 



9 



s 



I I 



I 



I 





90 



is §8 






? 

•< 

^ 






|o |o 



I 






^ ^ ^ 
^ -< -< 






2 



X 









a a s 

Q O O 



387 



S 



s 

GQ 

a 
s 



(^^2lL 



CO 
CI 
CI 



ii 

« 



388 



SMOKE EXPEBIMENTS. 



The numbers piven in the account of the experiments on terminals 
show that it is possible to increase the npcast flow in the three-inch tube 
by the addition of a terminal of special shape* 

This interesting result is ilhistrateJ and largely explained by the series 
of experiments upon the distribution of smoke issuing from the top of the 
tube, or from the cowls or terminal surmounting it, which were made 
by ifr. Farmer in 1897 and 189H, 

The curliniy downward in eddies of smoke issuing from the top of a 
tall chimney is a well-recognised phenomenon, and the prodaction <if 
these eddies has a marked effect upon the flow of air. In order to obtain 
definite infurmation as to the distribution of these eddies, the central pipe 
at the Hut was supplied with smoke by burning paper soaked in a paste of 
nitre and sulphur* Careful dmwings of the distribution of the smoke at 
the outlet were made. These drawings are here reproduced, and they 
shouhl be consulted in comparison with the results which are tabtdated 
and plotted for the terminals. The numbers refer to the sketches in 
Tables XXVIL, XXIX., XXX., XXXIIL, and the letters to the 
diagrams commencing on p. 397* The corresponding upcast results may 
be seen in Table XXVIL, where "S" indicates that the terminal has 
been tested with smoke. 

The illustrations have been prepared from rough Bketches made at 
the time of the experiment^^j as it was thought better to reproduce the 
original sketches than to have more finished drawings made, 

m 
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145 



160 
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r^kig^iA^* ^ 



Diagram 51, 



390 



Smoke Observations. 
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Diagram 63. 
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Smoke Observations. 






Similar to 43 but open at bottom. 

The above are open top and bottom, the greatett amount of 
smolce coming out at the top. 



43 




'i 






>6r^*^ 



191 
The above are open both ends. 

Diagram 64. 
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Smoke Observations, 9th Febmlary, 1898. 






*"5«" 





40 

IT 



Plan of above. 

The above are open top and bottom. By far the greatest quantity comet out 

at the top. 



41 





T 



6 



The above are open at the top and closed at the bottom. 



42 





v- 



The above are open at the bottom and closed at the top. 
Diagram 66. 



394 



V. — ^Smo&e Ohsennftiom. 



The observations of the action of the smoke, in particular tlie fre 
formation of the eddies on the leeward side of the pipe carrj^mg the bei 
tenuiuals? which are here re[*rodiiccd, letl to a special ini[iurv hetng niatl 
into the effects jmiduccd by varying one special characteristic or diinensioi 
of various terminals, keeping all the others the same. Some experimeitt 
of this kind had alreatly been made, and among those which followed th 
experiments with smoke roaj be specially mentioned the tests of th 
effects upon louvre aud su£^ar loaf terminals of varying such clement^ I 
the dimensions of the louvre, its best number of feathers, its height abov 
or below the orifice of the pipe, tlie position of a flange or fillet- 
It should be premised that Louvre Terminals are truncated cones, i 
which the length of the side is less than the diameter of the base (in a fei 
exceptional instances, such as experiment 5()70| etc, the height has bee 
increased for experimental purposes). 

Sugar Loaf Terminals are truncated cones, in which the length of th 
side is greater than the diameter of the base (in a few exceptional 
instances, such as the 4| in. x 7^ in. x in* sugar loaf, the hciglit has 
been decreased for experi mental purposes), I 

It may also l>e mentioned that a Haingauge Cap is understood tfi be an 
inverted cone with a vertical angle of (iU°, and surmounting a cyJindrical 
band of various dimensions. The most satisfactory results for a raiu- 
gauge cap for a 3-in. pipe is shown on diagram 7(5 at fig. B,T, p. 41t>i 
and a 4^~in. diverging tube in fig. BK, (See also Complete Tabulation 
Sheet, il 3t»(10 ^ 

The details of these experiments will be sufficiently understood from 
the curves represented on diagrams 57 to d^2^ figs, A to CC, 

The following notes shouhl be ad tied t — 

(a) Fig* N, — This terminal was tried on sloping roof with the flan, 
flush with orifice of pipe; also with flange 3 ins,, t> ins*^ and l* ins- below 
the orifice. 

[h) Fig* BD, — ^The general average for nine feathers from twenty 
eight experiments (Complete Tabulation, 8heet C XXVI IT/) is 153, 

{c) Fig, BK. — ^Tliis diverging tube^ surmounted by 13-in> raiu-gan| 
cap, was tried for down-draught, with boanl at back of terniinaK 

(</) Fig. BR> — Diverging tube experi nients^ with and without 
were tried on sloping roof. The 4|Hm X 18-in. diverging tut 
tried for down-draught, with board at back of terminaL 
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Table XSVIXL— DOWN-DRAUGHT EXPERIMENTS. 

(Set; p. •437), 
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Pipe insertM 14 ine. into Sugar Loaf. 
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n „ 12 ina. „ „ 




B 50^ 1 
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,t n 1 to JOina. „ 




B 40^' 


Pipe flush with Sugar Loaf, 

I'ipe 1} ins. below bottom of Sugar Loaf, 
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Tbt»se referenees me (fiTca lo ibow whidi 

termioalB represented in Uiagnuiis S7^2 wef© 
tested with smoke. 



Upon examination of the work iirKHi terminals, summarised in the 
Complete Tabulation Sheets, it is found that the S-inch j>ij>c results for 
St y-in, rain-gauge cap 1| in* above a -"j^-in. x '>-in. louvre 3 inches; deep, 
flanged for protection against downdranght, showed an efficiency of 133, as 
compared with an open pipe result of lUO. This is the best experimental 



Sw page :397* 



^^^H^ H96 K^Oompkte Tftbulatim. ^^| 

^^^^^^H upcast efficiency ui>on vl 3-in. pijie obtained by the Coinmittee,* ami 
^^^^^^^ sents the avenige of thirty-^mt' exjieritnents tried on eight d iff l* rent 
^^^^^^H including three alterations in the ass^igned jK>sitions of the air meten 
^^^^^^r An the result is likely to prove of pecidiur interest, oecn^^ion ha: 
^^^^^^K taken in thif; instance to reproduce, as a specimen of the Co 
^^^^H Tabulation, Sheet CXX. (facing p, m(y) in its entirety^ In some 
^^^^^^H cohnnns details have been omitted, bceaufie the exfierimental results 
^^^^^^P ^ponding thereto have already been completely entered upon sam 

^^^^^^1 A still liitrher value for the ratio was obtained from a termma 
^^^^^^H sisting of a very long diverging tube having a 'nin. orifice surmoun: 
^^^^^^1 a lonvre and a rain-gauge caj*, (See Table XXVIL, sketch No* 11 
^^^^^^1 Some special experiments were made to ascert^iiii the effect up( 
^^^^^^H nprust eflfieieney produced by altering the sixe and i^hapc of the 
^^^^^^H snppiirting 7i-in. and l>-in, rain-gauge caps over a 3-iiu pipe; t 
^^^^^^m varying the fixing of the stays from the outside to the insitle of the 
^^^^^^1 The results arrived at were as follows ; — ^m 
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Experiments on Sloping Boot Angle 52". Terminals 

1 ft. above Eidge of Roof. 
^HTp/f tv^ tihotifW(f the vttriafiott of 4ificienctf wifh the direction of the wittd. 
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Diagram 81. 
(See iUse Di.igram 50, p. 339.) 
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EESULTS FOE COW^LS. 



Tlie results for Cowls have been treated in the same way as the results 
for Terminals, and are dealt with in Table XXIX, Many of the Cowls 
aiv well known by the names of the makers, but the satisfactory identifi- 
cation of all the t'ovvls in this manner would have involved a considerable 
addition to the labour of preparing the Report, as the history of each 
separate s|K?cinien was not I'ecorded in a form which faeilitiit^il its identifi- 
cation I moreover, it was clearly impracticable to assign names to the 223 
different forms of Terminals, and accor<lingly it seemed lietter to extend 
to the Cowls the practice adopted with Terminals and make a Scale 
drawing of each Cowl tested for identifying the particnlar form employed. 
A Scale ilrawiiig has accnrdingly been reproduced in the third column of 
the Table as in the case of Terminals, The general notes prefixed to the 
table of results for Terminals (see page 347) apply, generally speakings 
to the following Table also ; — 
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BESUIiTS FOR INJECTORS. 



The next series of experiments to be referred to is that whick if 
concerned with Injectors, For these experiments the injector cowl wbb 
mounted in pkce of the ordinarj upcast cowl on the central pipe, and the 

I reading of the air meter at the foot of the pipe compared with the 

[corresponding upcast readings in the two outside pipes. It has already 
been pointed out (p* 340) that in an experiment of this kind the injector 
reading is not comparable with what would be obtained for the upcast cowl, 

, because in the former case the injector is supplying air to the inside of 
the hut, and the external pipes are withdrawing it, whereas^ in the latter, 
all three pipes are drawing air from the interior of the hut, which has to 
be supplied throui^h the door or window or the casual openings. The high 
numbers obtained for the injectors must not therefore be regarded as being 
quite on the same footing as the numbers given for cowls. To make the 
cx|K»riments comparable with the cowl experiments, all three pipes should 
have had injectors mounted on them, and in that case the air supplied 
through the injectors would have had to find its way out of the hut. 

It should be noticed that if the hut were perfectly air tigbt^ except 
for the experimental pipes, the wind blowing across them could only 
produce an upcast in one if there were a downdraught in some other 
one, and three perfectly similar cowls upon three pipes should produce an 
actual balance, and there should be no flow of air uj) any one of the three 
pipes. Similarly with tliree equally efficient injectors placed upon the 
three pipes, no air could go down any one of them, unless there was some 
means for it to escape either up one of the other pipes or out of some of 
the other openings in the hut. It would in practice be impossible to get 
conditions so accurately the same even for t\vo pipes, as to get an exact 
balance, and in consequence what one would expect with two similar 
cowls mounted upon a closed hut, is that there should be downdraught 
in one and upcast in the other^ and the same would be the case with two 
injectors. 

Injectors act by direct impulsion of the w^ind upon an orifice, and 

'some contrivance must be made in every case to secure that the orifice 
faces the wind. If there is any w^ant of sensitireness in this respect^ the 
injector is liable to fail in light m inds, and may of course act as an upcast 
cowl if the orifice be away from the wind. 



The results for injectors are contained in Table XXX. : — 
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V. — Results for Injectors. 



The difference of action in the two cases referred to above may be 
exemplified by some special experiments that were made to test the effect 
on injectors of opening and shutting of the door and window ; see Dia- 
gram 83. 



Arrangements for Testing the Effect of 'Wind 
on Injectors. 




F/an 



r/eyrl/ort. 




^Th's htlj removed 
mheti ififmdow open 



Door 



^V 



Plan. 




Diagram 83. 



With the door open and the wind blowing in the quadrant between 
the face of shed and at right angles, on the side opposite to the hinges. 




as much air practically went down the centre pipe as went up each of the 
outside oneSj the efficiency being I'lt, but when the door was shut and the 
Injector became relatively a much more important air supply for the 
r^uirements of the two outside pipesj the ratio became 1**^3, When 
the wind blew from the hinge side the effect of opening the door was 
much less marked, the ratios being 1*79 with door shut and 1*67 door o|>en- 
For winds on S side the window was used in the saiue way as the door 
for Northerly winds, and in these winds opening the window reduced the 
efficiency of the injector, as compiired with the upcast in one of the pijx^s, 
from 1'6T to '91, but with both window and door open the ratio of the 
injection to the upcast rose to l'5h 

EXPEKIMKKTS ON THE FAULTY SETTING OF TERMINALS AND COWLB. 

About 52 experiments were made to test the effect of faulty setting of 
terminals upon pipes, or of the pipes carrying terminals. For this par|K>se 
the pipe with its terminal was inclined towards and away from tlie wind 
respectively, or the caps were tilted in their supporting pipes through 
definite angles which were indicated by specially constructed level gauges, 
Tlie results show no marked effect in the former case, but in the latter it 
was observed the bad setting of a sugar loaf terminal, or raiu gauge cap 
correspond! ug to a tilt of 1 in 28, might produce a decrease in the 
efficiency of the terminal to the extent of more than 5 per cent* 

Further Experiments on Dow^n-deadoht. 

Besides the exfK'riments on down-draught, of which results are included 
in the tabular statements for cowls and terminals, a number of others 
were made, and reference should be made to the following : — 

(L) Those included in Table XXVIIL p. 595, which gives the results 
of down-draught exi)eriments upon terminals similar in shape but differing 
in dimensions from those referred to in the Diagrams 57-80* The letters 
in the first column of the table refer to the diagrarass and the details of the 
experiments will be sufficiently understood from the table wherein tire 
letters A and B have tiie same signification as in the Tabular reproduction 
of results (see Table XXVU., p. 349), 

(2,) A number of experiments known as "Experiments on Down- 
draught with Board/' whereby it was sought to determine the effect upon 
a cowl or terminal by placing a board at various distances behind it across 
the direction of the wind. The arrangement of the board is represented 
Diagram Sj (a) and (b)^ and the results will again be sufficiently under- 
tood from Table XXXI. (facing p, 440), wherein the letters have the fol* 
lowing signification: — D denotes down-draught; S, stationary | U, upcast 



* 
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V. — Down-draught Experiments* 



(3.) A few experiments were made with a board placed beliind the 
middle open pipe, but inclined at an angle of 45° approximately to the 



Proximity of Pipe to Sloping Eoof. 

II 



Cross Section . 



I c:-^>^=45 





Plan 



RESULTS. 
Z open pipe Ml p9siti'09 fi ^/o'Jrtai slopt , D^mndraujU Wmd W. IS miles per hvr. 

Of /;• B. ^Ijnm shpe. Otmndrau^U W. wind ^me Upcast nsw mm/ 
D^ D^ C ^Jnm s/ope. Ihmdrtujht Wind WijS, IS miles per Iwir. 

D' /?* D ji'Jrom slope and j/i^aSove top edje ^ dope . Meter shiiomary 

end momenlorif domndrauyht , Wind SW.and IW. 
. Centre of cowl same height as top of slope and yejnm slope, Downdnujht 
Wind W. /2t»/S m'dts per hoar. 



Diagram 84. 
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horizon, and so adjusted as to represent the effect of a sloping roof upon 
a pipe rising from the eaves. 

The different experiments consisted in observing the occurrence of 
down-draught for pipes of different heights, and consequently having 
their orifice at different horizontal distances from the board. One 
experiment was also made with a Cowl. The results of the experiment 
are given in Diagram 84., p. 438, which sufficiently explains the 
arrangements. 



PLAN. 



FRONT ELEVATION. 




LJ 




Diagram 85 (aj. 
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itances behind the centre of a Cowl or Terminal. 

(W reproduction, pjp. 349, 389, 434. 
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V, — Sloping Roof Experiments. 



The question of the eflFect of a ridge roof was still further investigated. 

A few experiments were made upon the eflFect of a small, high-pitched 
roof with a roll ridge and an open pipe close up to the roll of the 
ridge, with its orifice flush with the top of the roll (see Diagram 86). The 
results are given on p. 443, and the diflFerent conditions of the several 
experiments are there specified. It will be seen that, imder these circum- 
stances, the roof improves the action of the pipe unless the wind is 
directed along the ridge, when the efficiency drops to about three- 
quarters. 

ELEVATION. CROSS SECTION. 



■^ 




/ 

1 




I 



mnvmimm ■ m///mmw/i//////m/A 



U 



Diagram 86. 



Note. — The ridge was 8 ft. 8 in. above, and the two outside <)i)en 
pipes 11 ft. 2 in. above platform. The mean of the two outside ojkmi 
pipes taken as 1*00. 

Sloping roof fixed so that the ridge was practically in. and j^arallel to, 
the line of the pipes (N. by E. to S. by W.). 
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Results of Experiments with Sloping Roof, No. 3. 



Pipe at back of slojting roof. 

Wind direction. I Efficiency. 

N. W. bv N. to N. W. by W. MO 
N.W. bv N. to N.W. bv W. M3 



Pipe in front of sloping roof 

Wind direction. Efficiencv. 
N.W. to W.N. W. MO ' 

N.W. to W.N.W. 1-01) 

N.N.W. toN.W. M(> 

N.N.W. to W.N.W. M2 
N.W. to N.W\ by N. 1-21 
N.W\ to N.W^ bv N. M4 



Sloping roof fixed so that the wind direction (N.W.) is along ridge. 

RpiiULT. 



W^ind direction. 

N.W. 

N.W^ bv N. to N.W. bv W. 



Efficiency. 
•75 ' 
•74 



Ridge Roof with Projecting Pipe. 

The experimental work at the Hut inchided about 1,000 experiments 
of various kinds upon the effect of a ridge roof upon an open pipe, cowl, 
or terminal, mounted so that the opening was at various heights above the 
ridge. Practically all the experiments have been dealt with, but three 
selections are given in diagrammatic form as examples. First, Diagrams 
BW to CA, p. 421, Diagram 50, p. 331), exhibit the effect of changes 
in direction of the wind upon the upcast for an oi>en pipe, and for a 
number of terminals which are indicated by small drawings in the 
Diagrams BX-CA. The curves show with conspicuous minima for 
the E. and W. points, and less conspicuous minima in the line of 
pipes, with maxima for angles approximately of 45"' each way, except 
in the case of the dust-pan, which revolves with the wind and shows 
a maximum when the others show a minimum for the E. and W. points, 
and a minimum for the line of ridge. Secondly, Table XXXIII., 
p. 444 and 445, gives the results of experiments for a number of 
terminals and one cowl, for which there are not sufficient observations to 
draw curves ; and thirdly. Diagram 84, p. 438, shows the effect of varying 
the height of the orifice above the ridge with the wind blowing nearly 
across the ridge — the most unfavourable position ; the diagram sufficiently 
explains itself, 

fp2 
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Table XXXIH.— Sloping-Eoof Experiments 

Orifice of TerminaU 1 foot aho» 



Sketch of 
TermlnaL 
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e Hut, Old Deer Park, Eichmond, Surrey. 

f Slope, 52^. 
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General Note to Sloping Roof Tests. 



The following is an enumeration of terminals also tried on sloping 
roof, the experiments upon which were too few to warrant their inclusion 
in diagrammatic or tabular form :— 4^ ins. by 18 ins., diverging tube (see 
Diagram No. 78 BR, p. 418) ; ditto with 9-in. flange, 6-in8. from orifice ; 
sugar loaf with fillet (see remarks to Sketch No. 110) ; twirling rain- 
gauge cap over diverging tube (sec Sketch No. 213) ; and lobster similar 
to Sketch No. 198, but with flange 6 ins. below orifice of pipe. 



At the time of Mr. Rogers Field's death, the experimental work in 
connection with sloping roofs was still in progress ; it has not been com- 
pleted, and the presentation of the results of the investigation of necessity 
exhibits this want of completeness. The numbers obtained are left to 
speak for themselves, without any attempt at expressing in general terms 
the comparisons that might be drawn between Cowls and Terminals of 
dififerent types. 
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AIR-PUMP" VENTILATOR 
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ELIilSON^S 
"RADIATOR" AND "HOPPER" INLETS. 
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THE MOST PERFECT 

AMBULANCE FOR ITS 
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Ihun ^^Hauiai^rs/* Ik>5c 7 iiu x 7 in. 

Oak ,, ,. . ., .. . 

Inoy ., ,, 11* 111, X 10 in. . . 

With Bra>s Handle or Fixed Ring, 

Suitable for fixing behind hot-water pipes, or feet from 
fluur. Thorougldy diffuses the incoaiirig air. 



Thts ** Hoppers'* require no 
cords or balance wdsjhtSp The 
front part can be renfjoved kor 
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J«os ^* HopriiBs,** Box 9 in. x 6 in. , . ^ 5 - 
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JOINT 



As applied to. 
Connecting, , , 
Pedestal Closets 
to Soil Pipes . , 



This illitstration depictg Wilfs' Patent Sanitary Joint (for connecting nmre to 
metal, &c.) in detail, in se<?tit>n, and as connectetl to the iioRzle of a w.c. pan* The 
joint is shown on a P trap, but senses for S trap equally weM. This joint is bo 
constructed as to be impervious to sewage or sewage gas. 



It Is a thoroughly 

reliable joint, 

having been 

APPROVED 

• AND • • 

PASSED 

BY THE 

BOURNEMOUTH 

SANITARr 

AUTHORITY, 

and the 

Certificate of that 
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followed for work 
in which it hm 
been employed. 



The joint is. 

perfectly secure 

and rigid when mU 

but can be rsadtly 

disconnected and 

re-connected 
in a few minutes at 

any time. The 

great adrantage of 

this in oonaectioii 

with repairs and 

replacement 

of pans will be at 

once apparent 

to any 

practical person^ 



Details: A. Gun-metal gland. B. Gun -metal socket* C. Eubber ring, 

D. Proteeting %vasber. E* Seating washer. F. Bolts for 3©cnring 
and tightening joint, 

N.B.— Washeri D and E are made of m*itedal unaffected by sew^fi^e, and 
protect the ruhher from contact therewith. BiJEes Nos. 1 and 2 *iiit 
any ordinary fli«e of jmii. 

Points: A tlioroughly practical invention. Simple in operation. Easy of 

attachment* Moderate in coat. Permanent in character. 

Invaluable in ease of repairs. 
Commendation : Builders, Architects^ Surveyors, Sanitary Authorities. 

have expressed approval '^^heri^ver it fias been aubmittt*d. 

Favourajjly noticed by The Imnmonifej* and TTit Ilardmu'eTftan, 

PHces and fuM particulars of the Patentee— 

C. WILLS, Blrmingliaiii House, WESTBOURNE, BOURNEMOUTH. 
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22 HOLBORN VIADUCTr LONDON, E.G. 



MamifactUFers of the Hig^hest Grade and most artistic designs of 
Porcelain Enamelled Baths and Sanitary Goods in the World, 

Awarcted GRAND PRlXp Paris Exposition, I900. 
Ttie hlsl^est award given on Sanitary Goods of atl kinds from all nations, 

PORTABLE BUILDINGS 

ANY SIZE SENT FROM STOCK. 
ESTIMATES AND PRICES ON APPL(CATrON. 




INFECTIOUS HOSPITALS, ANY SIZE SENT FROM STOCK. 

These buildings are suitable where buitdir^gs are required in great haste^ erther for 

temporary or permanent use. 

BOULTON Bl PAUL, LT D. , 

Manufacturers, NORWICH. 



VENTILATION 



- - AND - - 



WARMING 



By mechanical means, with Filtered, Washed, 
Warmed and Humidified Air. 



The Air of Apartments changed from 8 to 16 times per Hour 
without draughts. Cool in Summer, Warm in Winter. 



WILLIAM KEY, 

Ventilating and Heating Engineer, 
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INCEPTION 

OF THB 

"BOYLE" SYSTEM OE VENTILATION 

(NATURAL). 



•' rri HE late Mr. Bobert Boyle, Sen., whose name is so well known 
J- in connection with his scientific discoveries and philanthropic 
work, and who died about twenty-five years ago, had always had the 
idea that a method of ventilation that could be universally employed 
must be of the simplest and most economical character, and it was, 
as a co-worker with Professor Faraday, over fifty years ago, that 
this idea was developed between them, and culminated later on in 
the system which has made the name of Boyle in connection with 
ventilation a household word throughout the world, the Messrs. 
Boyle (father and son), being practically the founders of the profess- 
ion of ventilation engineering, which they have raised by their efforts 
to the dignity of a science. 

" The present Mr. Bobert Boyle, who has been the moving spirit 
for the past thirty-five years in the ' sanitary crusades,' w^hich were 
then inaugurated, has visited almost every country in the world, 
preaching the doctrine of health, inculcating a knowledge of the 
benefits to be derived from breathing pure air, and demonstrating 
how this could be secured by all in a very simple manner by utilising 
the powerful and unceasing forces of nature which were ready to 
our hand. 

" There is probably no one who has a more comprehensive or 
extended knowledge of the science and practice of ventilation than 
Mr. Bobert Boyle, or who has done more to advance the cause of 
ventilation, he having devoted the whole of his life to the exclusive 
study and practical development of the subject ; and his numerous 
sanitary inventions are well known and appreciated both in this 
country and abroad.' — Baildhig News {June 28th, 1001), 



ROBEET BOYLE, 

INVENTOR AND SANITARIAN, 

FOUNDER OF THE PROFESSION OF VENTILATION ENQINEERINQ. 

By LAWRENCE SAUNDERS. 

New and Enlarged Edition. Price 6/- 

O PINIONS OF THE PRESS. 

** RoBBBT BoTLK 'was a savant Tliere was no trace of selfishness in bis actions, and in his 

inyentioDS be was tbiDking more of the public good than of bis own rewards It is 

foil of interest as an account of a useful and benevolent life, and is also a very romplete record 
of the progress of science in dealing with the difficult subject of Tentilation/*— .-IrcAiYecf. 

** A tribute of respect to one of the workers in the fteld of industry, whose efforts live in the 
form of benefits banded down to subsequent generationa''— ^f/i7^7 Neics, 

•^ RoBRRT Boyle was the author of many brilliant inventions, the best known of wiiich is the 
method of ventilating public buildings which by general consent is the most effective that has yet 
been introduced. His career was an interesting one.^^Academt/, 

" A little book with much in it to suggest thougbts. It is a biogra]3hical sketcb of the two 
B0TLB8, father and son, who have made their names famous by their system of ventilation. 
More enthusiastic, simple-hearted men it would be hard to find. The history of their lives, their 
genius, and their inventions is most interesting.*'— ZtYe. 

•'The record of an earnest, energetic and untiring life; a life governed by high principle and 

devoted to noble ends. .... His useful and laborious life needs no eulogy Self- 

cohnre and help to others were his most marked traits. He was foremost in allsocial and sanitary 
improvements, and has left a legacy to the world of at least one invention which is of national 
worth — the 'air-pump* ventilator— that invention which has made the name of Boyle world- 
famous. . . . His name may therefore be enrolled, without hesitation, among the benefactors 
of the human itanWyy*'- Sanitary Engineering. 

'* A man of indubitable inventive genius, and strong philantrophic zeal." — Scotsman, 

'* Botle, the inventor. — From his earliest youth of an inventive turn of mind As 

a philantrophist and a lecturer he gained a wide reputation, but it is as an inventor of f^nitary 

appliances that his name will always be most associated The result being the now 

famous * air-pump ' ventilator, which is so widely used not only in this but in other countries.**— 
Liverpool Courier. 

'* RoBEBT BoYLB borc a distinguished name in science and proved himself worthy of it. He is 
now Ijest and most widely known through his ' air-pump * ventilator, which has been applied 
with signal success to many of our public buildings.**— iWinAun/^ Courant. 

"Had Mr. Boyle distinguished himself by nothing but the invention of the 'air-pump' 
ventilator, he would have well deserved to have a memorial of his career placed before the public. 
. . . . The son inherits the ability and character of his father, and is highly esteemed for his 
scientific att^nments, his literary power, and his influential position as the head of a large and 
important industry.**— ^rifwA MniL 

*• A sketch — rather too brief— of the lives of Robert Boyle, father and son, who have broupht 
the question of ventilation and sanitation to a science by the discoveries of their inventive 
geaiM&S— Christian World, 

-* A bright story of true Christian heroism. As we read through these pages of the almost 
insurmountable difliculties overcome by the Boylks, father and son j of the gooi! done : the sani- 
tation achieved ; the inventions perfected ; we see men whose sole aim was to serve God, iHrneMc 
mankind, and whose example should be held up to all our boys beginning I'lfey— Christian. 

•* An excellently written biography of the eminent inventor and philanthropist, Robert Boyle. 
• • • The work is practically a biography of the late Robkrt Boyle and of his son Robert, 
vi'ho is SI ill living and carrying on his faiher's gresit work as a sanitary cnuineer. Both are 
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